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PREFACE 
. 

b 

This i s  t h e  f i n a l  t e c h n i c a l  r epor t  concerning the  ins t rumenta t ion  f o r  
measurement of cosmic noise a t  0.75, 1.225, and 2.0 Mc/s from NASA 11.02 
launched i n  September, 1962. The work was supported under NASw-54. The f i n a l  
r e p o r t  on the  s c i e n t i f i c  aspec ts  of t h i s  program i s  t o  be found i n  a paper 
"Cosmic Radio I n t e n s i t i e s  a t  1.225 and 2 .0  Mc/s up t o  an Al t i t ude  of 1700 KM," 
by D. Walsh, F. T .  Haddock, and H. F .  Schulte, Space Research I V ,  pp. 935-959, 
North Holland Publ ishing Company, Amsterdam, 1964 ( Proceedings of t h e  Fourth I n t e r -  
n a t i o n a l  Space Symposium held i n  Warsaw i n  June, 1963). 
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INTRODUCTION 

This repor t  descr ibes  design considerat ions and performance c h a r a c t e r i s t i c s  
of a complete rocket-borne instrumentat ion system f o r  absolute  i n t e n s i t y  measure- 
ments of t h e  r ad io  frequency noise  energy which o r i g i n a t e s  pr imar i ly  i n  t h e  halo 
of our galaxy. 
c i r c u i t s ,  a l t e r n a t e  channel redundancy, and conservat ive design techniques wher- 
ever  poss ib le .  Simultaneous cosmic noise measurements can be made while i n  and 
above po r t ions  of t he  ionosphere at frequencies  of 0.75, 1.225 and 2.0 mc. 
Since t h e  r eac t ive  component of t h e  rad io  astronomy antenna impedance i s  a f f ec t ed  
by t h e  ionosphere, it a l s o  i s  measured p e r i o d i c a l l y  throughout t h e  f l i g h t .  The 
instruments descr ibed here in  were successfu l ly  f i r e d  t o  an a l t i t u d e  of 1691 k i l -  
ometers on September 22, 1962. 
t h e  r e s u l t s  of t h e  f l i g h t  a r e  reported separa te ly .  * 

A l l  po r t ions  of t h e  system shown i n  Figure 1 u t i l i z e  f a i l - s a f e  

The rocket w a s  designated as NASA 11.02UR and 

The r ad io  astronomy antenna diagrammed i n  Figure 1 c o n s i s t s  of a 40-foot 
t i p - t o - t i p  balanced e l e c t r i c  d ipole  deployed from t h e  instrumentat ion package 
a f t e r  l as t  s t age  rocket burnout and outer  nosecone e j ec t ion .  Three radiometers 
operat ing simultaneously from the  antenna a r e  a l t e r n a t e l y  switched between t h e  
d ipole  and an e l e c t r i c a l  equivalent  dummy antenna f o r  i n - f l i g h t  no ise  c a l i b r a -  
t i o n .  During t h e  radiometer c a l i b r a t i o n  i n t e r v a l  which i s  repeated every 12 
seconds throughout t h e  f l i g h t ,  t h e  antenna i s  switched t o  a br idge c i r c u i t  
which measure t h e  r e a c t i v e  component of t h e  antenna impedance a t  1.250 mc. A t  
t h i s  frequency, t h e  antenna i s  e l e c t r i c a l l y  very sho r t  and thus  i t s  te rmina l  
impedance appears almost completely capac i t ive .  Since f r e e  e l ec t rons  present  
i n  t h e  ionosphere a f f e c t  t h e  d i e l e c t r i c  p r o p e r t i e s  of t h e  medium, t h e  antenna 
capaci tance w i l l  vary accordingly.  Local e l e c t r o n  d e n s i t i e s  can thus  be de- 
r ived from t h i s  measurement. It is  a l so  poss ib l e  wi th  t h e  above d a t a  t o  ob- 
t a i n  a co r rec t ion  f a c t o r  f o r  t h e  r ad ia t ion  r e s i s t ance  of t h e  antenna while it 
i s  immersed i n  t h e  ionosphere. This a s s i s t s  i n  computing t h e  value of t h e  cos- 
mic noise  l e v e l ,  and poss ib ly  observing t h e  focussing of incoming noise  energy 
a t  t h e  radiometer f requencies  as t h e  rocket leaves and r e -en te r s  t h e  ionosphere. 

Figure 2 i s  a photograph of t h e  prototype and t h e  f l i g h t  model payload 
( a t  t h e  r i g h t )  a f t e r  completion of environmental t e s t i n g .  For c l a r i t y ,  a metal  

*D. Walsh, F. T. Haddock and H. F. Schulte,  "Cosmic Radio I n t e n s i t i e s  a t  
1.225 and 2.0 Mc measured up t o  an a l t i t u d e  of 1700 KM," Proc. of t h e  
Fourth I n t .  Space Science Symposium, Warsaw, 1963. 
ing Co., Amsterdam, 1964. 

North-Holland Publ ish-  
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c y l i n d r i c a l  ou te r  sh i e ld  normally placed around t h e  instrumentat ion sec t ion  
i s  not included. Also i n  t h e  photograph i s  a complete te lemeter ing  ground 
s t a t i o n  assembled by t h e  p r o j e c t  f o r  p r e f l i g h t  system checkout, i n - f l i g h t  
d a t a  acqu i s i t i on  and recording,  and p o s t - f l i g h t  d a t a  reduct ion.  

The above system was designed t o  be c a r r i e d  aboard an Argo D-8 rocket  
shown i n  Figure 3 -  It has a predic ted  peak a l t i t u d e  of approximately 1800 
k i lometers  f o r  a take-of f  payload weight of 145 pounds. 
94 pounds i s  s c i e n t i f i c  payload. The remaining weight i s  a l loca ted  t o  t h e  
rocket  nose-cone, despin system, rocket  performance measurement accelerometer,  
and t h e  o ther  necessary hardware. 
approximately l 5 O O  seconds with apogee predic ted  f o r  922 seconds a f t e r  rocket  
t akeof f .  The a c t u a l  f l i g h t  t r a j e c t o r y  f o r  t h i s  payload i s  shown i n  Figure 4. 

Of t h e  t o t a l  weight, 

The t o t a l  useable  measurement i n t e r v a l  i s  

2 



RADIOMETER ANTENNA 

An extensive inves t iga t ion  of t h e  antenna problem has been conducted during 
the  course of t h i s  research program. It i s  sa fe  t o  say t h a t  the  antenna i s  the  
most c r u c i a l  po r t ion  of any rocket or s a t e l l i t e - b o r n e  system f o r  absolute  in t en -  
s i t y  measurements a t  medium o r  low radio f requencies .  This i s  caused pr imar i ly  
by t h e  phys ica l  s i z e ,  weight, deployment, and  environmental l imi t a t ions  imposed 
by the  rocket or s a t e l l i t e  vehic le .  Per t inent  e l e c t r i c a l  a n d  phys ica l  charac te r -  
i s t i c s  of a i r  and  f e r r i t e  cored loop antennas as we l l  as e l e c t r i c  d ipo le s ,  mono- 
poles  and o the r  conf igura t ions  were a l l  considered f o r  t h i s  rocket-borne exper i -  
ment. 

The balanced e l e c t r i c  d ipole  antenna f i n a l l y  chosen f o r  f l i g h t  use i s  
composed of two 
Figure 5.  The antenna element i t s e l f  cons i s t s  of a beryll ium copper a l l o y  Et r ip ,  
2 inches wide, 20 f e e t  long and 0.002 inches t h i c k .  The s t r i p  i s  tempered by 
h e a t - t r e a t i n g  i n  a manner which causes it t o  spr ing  i n t o  a long 0.5 inch diameter  
thin-walled tube as i l l u s t r a t e d  by the  p a r t i a l l y  deployed antenna shown i n  t h e  
f i g u r e .  For s torage ,  t h e  tube i s  uncurled and wound on a cy l inder .  The p r i n c i p l e  
i s  similar t o  t h a t  of t he  f a m i l i a r  s t ee l - t ape  ca rpen te r ' s  r u l e  except t h a t  i n  t h e  
case of t h e  antenna, t he  element c u r l s  around i t s e l f  1-1/2 t i n e s .  
a s e l f  contained 6 v o l t  DC e l e c t r i c  motor and gear  t r a i n  which deploys 20 f e e t  
of antenna i n  approximately 45 seconds. 
d r ive  system which allows the  antenna t o  be manually rewound on i t s  supply spool .  

DeHavilland A i r c r a f t  Company type A2/2 antenna u n i t s  shown i n  

Each u n i t  has 

A c lu t ch  i s  a l s o  incorporated i n  t h e  

Also shown i n  Figure 5 i s  a spr ing actuated l i n e a r  potentiometer f o r  moni- 
t o r i n g  t h e  antenna p o s i t i o n  during deployment. The potentiometer sha f t  i s  
t ipped with t e f l o n  and bears  d i r e c t l y  aga ins t  t he  antenna supply spool .  A s  t h e  
spool diameter changes during deployment, t h e  potentiometer s l i d e r  p icks  o f f  
t h e  r e l a t ed  f r a c t i o n  of t h e  potentiometer supply vol tage .  When deployment i s  
complete, a l i m i t  switch i s  arranged t o  cause the  poten t ione ter  output vol tage 
t o  decrease by a f a c t o r  of two. These s igna l s  from both antenna u n i t s  a r e  t e l e -  
metered back t o  t h e  ground so  t h a t  proper antenna deployment can be confirmed. 

Each antenna u n i t  weighs 1.8 pounds exc lus ive  of t h e  ex te rna l  wiring, 
antenna p o s i t i o n  ind ica to r ,  sild t h e  mounting brackets  which a r e  not supplied 
by the  manufacturer.  These items increase the  t o t a l  weight of each antenna 
u n i t  t o  2.23 pounds. The beryll ium copper antenna element i t s e l f  weighs 0.225 
ounces p e r  foo t  f o r  a t o t a l  of b m 5  ounces p e r  u n i t .  
u n i t  occupies a volume 4-7/8" wide by 4-1/8" high by 7-l/2" long, exc lus ive  of 
mounting bracke ts .  

Dimensionally, each antenna 

E l e c t r i c a l l y ,  each antenna u n i t  can be resolved i n t o  e i t h e r  equivalent  
The f r e e  space r ad ia t ion  r e s i s t ance  i s  given approxi- c i r c u i t  of Figure 6 .  
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mately by: 

where h i s  the d ipole  ha l f  length i n  meters and RA i s  i n  ohms. The e f f e c t  on 
RA of antenna tubing diameter and  conductor l o s ses  a r e  not considered i n  t h i s  
equat ion.  
post-f  l i g h t  da ta  reduct ion and a n a l y s i s .  

These e f f e c t s  modify RA l e s s  t h a n  104 and w i l l  be accounted for during 

The f r e e  space r eac t ive  component of antenna impedance represented by CA 
i s  given approximately by: 

where : 

h = dipole  ha l f  length 
a = antenna wire rad ius  

Again, f a c t o r s  such as e n d  and te rmina l  e f f e c t s  a r e  not considered i n  t he  
equation, but w i l l  be measured as discussed below, and considered during da ta  
reduct ion and ana lys i s .  

The f i n a l  element i n  t h e  equivalent  c i r c u i t  i s  t h e  s t r a y  capaci tance CB.  
This o r ig ina t e s  from t h e  proximity of grounded conductors and sur faces  adjacent  
t o  t h e  DeHavilland antenna u n i t .  A s  i n s t a l l e d  i n  t he  rocket  payload with t h e  
antenna element f u l l y  extended, CB i s  4105 ppf .  
a capac i t i ve  voltage d i v i d e r  w i t h  CA which decreases  t h e  output vo l tage .  
it i s  undesirable  t o  attempt t o  tune out CB a t  a l l  t h r e e  f requencies ,  every e f f o r t  
i s  made t o  minimize i t s  magnitude. 

It should be noted t h a t  CB forms 
Because 

Since antenna end and  te rmina l  e f f e c t s  cannot be pred ic ted  accura te ly ,  a f u l l  
s c a l e  model of one ha l f  the  payload s t r u c t u r e  was f ab r i ca t ed  f o r  antenna impedance 
measurements. Using t h e  method of ground plane imaging, a conducting ground plane 
i s  arranged t o  b i sec t  t h e  payload long i tud ina l  a x i s  and be perpendicular  t o  the  
antenna a x i s  as  shown i n  Figure 7. This model was i n s t a l l e d  a t  t h e  antenna t e s t  
range of Jansky and Bailey, I n c . ,  i n  Alexandria, Virginia ,  f o r  measurement of 
antenna c h a r a c t e r i s t i c s  over t h e  frequency range of i n t e r e s t .  
value of capacity of t he  f u l l  d ipole  was: 

The f i n a l  measured 
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There was some doubt about whether t h e  conducting plane was l a rge  er,ough 
and s u f f i c i e n t l y  w e l l  grounded f o r  s a t i s f a c t o r y  determinat ion of r a d i a t i o n  
r e s i s t a n c e  ( t h i s  does not a f f ec t  CA measurement, s ince  CA depends on near  
f i e l d  condi t ions  f o r  which t h e  conducting plane i s  s a t i s f a c t o r y ) .  It was 
concluded t h a t  t h e  r a d i a t i o n  r e s i s t ance  w a s  not apprec iab ly  d i f f e r e n t  from t h e  
t h e o r e t i c a l  values;  t hese  are ( f o r  t h e  f u l l  d i p o l e ) :  

= 0.176 ohm a t  0075 Me 
RA 

0.466 ohm a t  1.225 Me 

1.20 ohm a t  2.0 Mc 
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RADIOMETERS 

1. PREAMPLIFIER 

The block diagram of Figure 1 shows a s impl i f ied  vers ion  of t h e  antenna 
The a c t u a l  system i s  more complicated becauee of t h e  

Figure 8 

switching connections.  
e l e c t r i c a l l y  balanced antenna and the  need f o r  prevent ing t h e  240.2 megacycle 
10 w a t t  radiated t r a n s m i t t e r  power from en te r ing  t h e  preampl i f ie r .  
shows a more complete representa t ion  of t h e  input  c i r c u i t r y .  The antenna 
switch i s  a two-pole, 6 pos i t i on  k d e x  r o t a r y  solenoid actuated s tepping 
switch which a l t e r n a t e l y  connects t h e  balanced preampl i f ie r  input  te rmina ls  
t o  t h e  antenna o r  t h e  dummy antenna. During t h e  per iod when t h e  preampl i f ie r  
i s  connected t o  t h e  dummy antenna, t h e  antenna i t s e l f  i s  connected t o  a c i r c u i t  
f o r  measurement of  t h e  capac i t i ve  component of t h e  antenna impedance. 
t i o n a l  wafer switch sec t ions  a r e  a l s o  ac t iva t ed  by t h e  Ledex t o  c o n t r o l  t iming 
of t h e  switching i n t e r v a l s  and app l i ca t ion  of supply vol tage t o  t h e  br idge  
e x c i t a t i o n  o s c i l l a t o r .  Balanced series resonant 240.2 megacycle t r a p  c i r c u i t s  
a t  t h e  antenna output te rmina ls  and p a r a l l e l  resonant t r a p s  a t  t h e  preampl i f ie r  
input  te rmina ls  e f f e c t i v e l y  prevent t ransmission o f  te lemeter ing in t e r f e rence  
t o  t h e  antenna capacitance measuring c i r c u i t  and preampl i f ie r  input .  
antenna capacitance bridge c i r c u i t  a l s o  shown i n  Figure 8 w i l l  be discussed i n  
a succeeding sec t ion  of t h i s  r epor t .  

Addi- 

The 

The preampl i f ie r  c i r c u i t  diagram i s  shown i n  Figure 9 .  It c o n s i s t s  of a 
stable , high input impedance , broadband, low-noise, neut ra l ized  cascode ampl i f i e r  
feeding three  cathode fol lowers .  Each cathode fo l lower  has  a 50 ohm output  impe- 
dance and serves  t o  i s o l a t e  t h e  input  of each r ece ive r  from t h e  o t h e r  two. This 
f e a t u r e  makes i t  unnecessary t o  c o n t r o l  t h e  r ece ive r  input  impedance except a t  
i t s  own operat ing frequency. The r ece ive r  input  impedance i s  50 ohms a t  band 
cen te r  and decreases sharply outs ide  t h e  opera t ing  bandwidth. This  decreases  
t h e  ga in  of t h e  cathode fol lower o f f  t h e  band c e n t e r  and thus  e f f e c t i v e l y  
reduces input  s igna l  l e v e l s  except a t  t h e  appropr ia te  opera t ing  frequency. 
Spurious rece iver  responses a r e  thereby minimized. 

Phys ica l ly , the  preampl i f ie r  i s  separated i n t o  two sec t ions .  The f i r s t  
s t age  shown i n  Figure 10 i s  packaged with t h e  antenna switch,  dummy antenna 
and antenna capacitance measurement system. The f i rs t  s t age  weighs 1 pound 
and occupies 38 cubic inches.  
and t h e  th ree  output cathode fol lowers  shown i n  Figure 11 weighs 14 ounces and 
occupie~.37cubic  inches 

Tne second p o d i o n  of t h e  cascode ampl i f i e r  

Of p a r t i c u l a r  i n t e r e s t  i n  t h e  preampl i f ie r  i s  t h e  broadband, balanced i n -  
put  a n t e n n a  transformer (Ti) and neut ra l ized  f i r s t  s t age  of t h e  cascode ampl i f i e r .  
Considerable e f f o r t  was a l loca ted  t o  t h e  design and development of t h i s  s ec t ion  



a' 4 

of t h e  system. 
inch length  of  0.335 inch diameter f e r r i t e  rod obtained from a J. W. Mil ler  
type 2000 f e r r i t e  core loop antenna. The center-tapped t ransformer primary 
i s  a pi-wound c o i l  cons i s t ing  of 100 tu rns  o f  3 x 41 l i t z  wire. The secondary 
i s  solenoid wound with 130 t u r n s  of 3 x 41 l i t z  w i r e .  
heren t  i n  both t h e  primary and secondary windings of t h i s  t ransformer i s  care-  
f u l l y  cont ro l led  so t h a t  adequate bandwidth can be achieved. 

The antenna transformer shown i n  Figure 12 i s  wound on a 3.3 

St ray  capaci tance i n -  

The o v e r a l l  p reampl i f ie r  bandpass c h a r a c t e r i s t i c s  are determined by t h e  
amount of  i n t e r s t a g e  capaci tance,  t h e  input t ransformer coupling c o e f f i c i e n t  
and t h e  amount of feedback from t h e  neu t r a l i z ing  transformer T The coupling 
coe f f i c i en t  of T i s  cont ro l led  by s l i d i n g  t h e  primary winding along t h e  a x i s  
of  t h e  f e r r i t e  rod u n t i l  t he  des i red  point  i s  reached. Af t e r  t h e  coupling co- 
e f f i c i e n t  adjustment i s  complete, t h e  primary i s  cemented i n  p lace  on t h e  two 
f i b e r g l a s  t r a v e r s e  rods.  The complete assembly i s  polyisocyanate foam encap- 
su la ted  i n  a phenolic tube  shown mounted i n  p l ace  a t  t h e  bottom of  Figure 10. 

2 -  
2 

The f i r s t  s t age  of t h e  cascode ampl i f i e r  i s  a General E l e c t r i c  ceramic- 
and-metal p lanar  t r i o d e  type 7462. It is .  similar t o  t h e  type 7077, and as 
used here  opera tes  a t  a p l a t e  cur ren t  of  5.6 mill iamperes.  This opera t ing  
po in t  produces a gm of  9300 micromhos, a p l a t e  r e s i s t a n c e  of 1OK ohms, a p 
of 95 and a p l a t e  d i s s i p a t i o n  of 790 m i l l i w a t t s .  
equivalent  series noise  r e s i s t ance  i s  approximately 250 ohms. The B+ power 
required f o r  t h e  complete preamplif ier  i s  33 mill iamperes a t  200 v o l t s  E. 

Under these  condi t ions  t h e  

It w i l l  be noted i n  Figure 9 t h a t  a l l  tube f i laments  are wired i n  s e r i e s .  
Since an  open f i lament  i n  any of t h e  th ree  cathode fol lowers  only a f f e c t s  i t s  
respec t ive  channel, Zener diodes are placed across  each of t hese  tubes so t h a t  
p reampl i f ie r  opera t ion  w i l l  be unaffected by one o r  more cathode fol lower f i l a -  
ment f a i l u r e s .  
v o l t s ,  DC. 

The t o t a l  f i lament  power required i s  400 mill iamperes a t  25 

Figure 13 i l l u s t r a t e s  t h e  2-stage preampl i f ie r  frequency response from 
t h e  input  te rmina ls  of t h e  dummy antenna t o  t h e  r e s i s t i v e l y  terminated output 
with se l ec t ed  values  of antenna cA,, as a parameter. It should be noted t h a t  
f o r  t h e  32 ppf free space value of CA, t h e  capac i t i ve  vol tage d i v i d e r  a c t i o n  
a t t e n u a t e s  t h e  input  s i g n a l  by a f a c t o r  of approximately 0.44. 
t h e  preampl i f ie r  from t h e  input  of the balanced widebandtransformer t o t h e  
second s t age  output a t  1.223 Me i s  31 db. 
of t h e  preampl i f ie r  R T product i n  OK-ohms,  as C i n  t h e  dummy antenna i s  
var ied  above and below t h e  antenna free-space capaci tance.  

The ga in  of  

Figure 14 presents  measured curves 

A A  A 

The noise  performance of t he  preampl i f ie r  with t h e  antenna as a source 

These parameters have been measured 
impedance can a l s o  be charac te r ized  by a set  of  noise  parameters as discussed 
by t h e  IRE Subcommittee 7.9 on N0ise . l  

"I.R.E. Standards on Methods of Measuring Noise i n  Linear Twoports, 1959" and 
"Representation of Noise i n  Linear Twoports," Proc.  I . R . E . ,  v o l  48, N o .  1, January, 
1960 * 
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f o r  a t y p i c a l  preamplif ier  and are shown i n  Table I below. 

The t h r e e  radiometer r ece ive r s ,  each dr iven  from a separa te  cathode 
fol lower i n  the preampl i f ie r ,  a re  convent ional  superheterodynes.  A 2-tr iode 
cascode connected R.F. ampl i f i e r  i s  followed by a pentode mixer with a separa te  
l o c a l  o s c i l l a t o r  s t age .  Two pentode intermediate  frequency ampl i f i e r s  with 
AGC, and operat ing a t  450 k i locyc le s  are followed by a full-wave br idge second 
de tec to r .  The de tec to r  d r ives  a t r a n s i s t o r  audio ampl i f i e r  and a n  RC time 
averaging type i n t e g r a t o r  with a charge and discharge t ime constant  of 0 . 1  
seconds. This f i l t e r  i s  followed by a cathode fol lower s t age  which i s  used t o  
e s t a b l i s h  t h e  optimum Dc l e v e l  and output  impedance f o r  t h e  te lemeter ing  system. 
The audio output i s  a l s o  telemetered so t h a t  man-made or atmospheric noise  leak- 
age through t h e  ionosphere, o r  abnormal r ece ive r  performance can be monitored. 

I This cannot be done i f  only a smoothed output channel i s  a v a i l a b l e .  

TABU I 

Freg. (Mc) FO G, (mhos) Bo (mhos) Rn (ohms) 
~~ 

2.00 2.47 1.8 x io- +.02 10-3 23 io 4 

1.225 2.10 3.62 +.34 10-3 1100 

-4 
0.75 2-35 4.65 x 10 +.49 1025 

Using these  values,  t h e  noise  performance can be predic ted  by using t h e  fol lowing 
equat ion : 

The ca lcu la ted  values which show good agreement with t h e  measured performance 
a r e  a l s o  p lo t ted  on Figure 14.  The minimum de tec t ab le  antenna temperature 
c a p a b i l i t y  of  t he  complete system w i l l  be discussed i n  t h e  c a l i b r a t i o n  sec t ion  
of  t h i s  r e p o r t .  

2. F3CEIVERS 

Figures  15 and 16 present  t h e  r ece ive r  d e t a i l s .  Except f o r  tuned c i r c u i t s  
i n  t h e  RF ampl i f ie r ,  mixer, l o c a l  o s c i l l a t o r  and a 1.2 Mc ser ies  resonant t r a p  
c i r c u i t  i n  t h e  mixer g r i d  c i r c u i t  of t he  0.75 Mc rece ive r ,  a l l  t h r e e  c i r c u i t s  

a 
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are i d e n t i c a l .  The t r a p  c i r c u i t  i s  required because i t  i s  necessary t o  r e j e c t  
a small spurious response produced by the  fou r th  harmonic of t h e  300 kc  l o c a l  
o s c i l l a t o r  s i g n a l  which bea t s  with t h e  incoming frequency t o  produce a d i f f e r -  
ence frequency a t  450 kc .  

Figure 17 i l l u s t r a t e s  t h e  rece iver  bandwidth c h a r a c t e r i s t i c  a t  t h e  second 
d e t e c t o r  output .  This response was obtained by varying only t h e  modulation 
frequency of a s i n e  wave modulated c a r r i e r .  Other tes ts  showed t h a t  t h e  second 
d e t e c t o r  smoothing f i l t e r  did not a f f e c t  t h e  low o r  high frequency bandwidth 
wi th in  t h e  range shown on Figure 17. This response r e s u l t s  i n  an I F  ampl i f i e r  
noise  bandwidth a t  t h e  second de tec to r  of  7.06 kc .  

Power requirements f o r  each rece iver  are: 130 v o l t s  Dc a t  18.6 m i l l i -  
amperes B+ and 25.6 v o l t s  DC a t  500 milliamperes f i lament  cu r ren t .  

A l l  components have been ca re fu l ly  se l ec t ed  f o r  s t a b i l i t y  and ruggedness, 
and p a r t i c u l a r  a t t e n t i o n  has been paid t o  t h e  cons t ruc t ion  techniques used. 
After adjustment,  each t ransformer and inductance i s  pot ted with a high melt ing 
poin t  compound so t h a t  t h e  f e r r i t e  core materials are not adversely a f f ec t ed  by  
t h e  Test and Enviromental program and t h e  rocket  f l i g h t  i t s e l f .  The r ece ive r  
case i s  f ab r i ca t ed  from magnes iu ,  weighs 1 pound 14 ounces when ready f o r  f l i g h t  
and occupies 74 cubic inches.  
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ANTENNA CAPACITANCE MEASURE3BNT 

The antenna capacitance measurement i s  performed a t  1.5 Mc f o r  2 
seconds every 12  seconds throughout t h e  rocket f l i g h t .  A a kc o f f s e t  from 
t h e  1.225 Mc radiometer channel helps  reduce t h e  radiometer s a t u r a t i o n  when 
t h e  br idge i s  energized. The capacitance measurement i s  accomplished by 
means of t h e  c i r c u i t s  shown i n  Figures 18 and 19. S t r i c t l y  speaking, t h i s  
i s  not a t r u e  e l e c t r i c a l  br idge,  but  for convenience the  term i s  used i n  
t h i s  r e p o r t .  
ground resis tance-capaci tance vol tage d iv ide r .  
c i r c u i t  and i t s  voltage vec tor  r e l a t i o n s h i p  i s  shown i n  Figure 20. I f  it i s  
assumed t h a t  RA << QA, t h a t  t h e  output d e t e c t o r  input  impedance i s  high, and 
E i n  ( i n  Figure 18) i s  a constant ,  then  the  vector  r e l a t i o n s h i p  of Figure 20 i s  
va l id .  
Ein/2, and the  output d e t e c t o r  responds t o  t h e  magnitude of EAUt. 
i n  Figure 20 E;, = Eo + K1 and E i n  = & Ein where K1 = B1 + B2 and = 

( R e  + R7)/R7. 
be chosen so  t h a t  0 
In  p rac t i ce ,  t hese  assumptions a r e  not always completely met and thus  t h e  analy- 
sis becomes somewhat more complicated. Two examples of t h i s  a r e  of i n t e r e s t .  
F i r s t ,  t h e  regula t ion  of t h e  balanced-exci ta t ion s i n e  wave generator  i s  not per -  
f e c t ,  which causes E i n  t o  vary s l i g h t l y  wi th  CA as shown i n  Figure 35. The sys- 
tem i s  very s t a b l e  however and thus  subjec t  t o  c a l i b r a t i o n .  
antenna i s  immersed i n  t h e  ionospheric plasma, t h e  f r e e  e l ec t rons  present  modify 
t h e  d i e l e c t r i c  constant of t h e  medium, and CA and RA w i l l  vary. 
small with respect  t o  XpA, t h e  br idge output cannot be in t e rp re t ed  as simply a 
v a r i a t i o n  i n  CA. 

The "bridge" c i r c u i t  i s  i n  f a c t  a balanced-with-respect-to- 
A s impl i f ied  vers ion of t h e  

The locus of t h e  vol tage vec tor  E& org in  i s  a semic i rc le  with rad ius  
Note t h a t  

For a f ixed  frequency and any s e t  of CB p lus  CA, r e s i s t o r  R can 
45" which i s  t h e  condi t ion  f o r  m a x i m u m  AC s e n s i t i v i t y .  = 

Second, when t h e  

When RA i s  not 

The bridge shown i n  Figure 18 i s  designed t o  measure t h e  balanced a n t e n n a  
equivalent  capacitance CA from -15 ppf t o  + 40 ppf when RA << +A. 
t e c t o r  monitors the bridge e x c i t a t i o n  l e v e l  so t h a t  co r rec t ions  can be made i f  
necessary.  The output de t ec to r  c o n s i s t s  of a f u l l  wave vol tage doubler r e c t i f i e r  
and  low pass  f i l t e r .  The s e r i e s  b ias ing  b a t t e r i e s  ass is t  i n  achieving the  des i red  
capacitance measurement range and r e so lu t ion  shown i n  Figure 35.  The voltage 
doubler allows a lower RF vol tage l e v e l  a t  t he  antenna te rmina ls  and thus reduces 
antenna sheathing e f f e c t s  i n  the  ionosphere.  

The E i n  de- 

The RF exc i t a t ion  vol tage i s  supplied by a C o l p i t t s  type c r y s t a l  cont ro l led  
o s c i l l a t o r ,  followed by a bu f fe r  ampl i f i e r  s t age  shown i n  Figure 19. The output 
c i r c u i t  of the ampl i f ie r  contains  a f e r r i t e ,  t o r r o i d a l  core  transformer which i s  
c a r e f u l l y  fabr icated a n d  trimmed t o  produce a phase and amplitude balanced out-  
put f o r  t h e  bridge. Figure 21 shows phys ica l  d e t a i l s  of t h e  o s c i l l a t o r  and br idge .  

10 



RANDOM NOISE GENERATOR 

The requirement f o r  a r e l i a b l e  and rugged i n - f l i g h t  c a l i b r a t o r  f o r  t h e  
t h r e e  radiometers poses a r a t h e r  d i f f i c u l t  design problem because of  t h e  1 x 
10 O K  s i g n a l  level required.  CW, pu lse ,  o r  amplitude modulated c a r r i e r s  re- 
qu i r e  t h e  generat ion of constant  amplitude s i g n a l s .  I f  t h e  radiometer cen te r  
frequency, o r  bandwidth s h i f t s  somewhat during f l i g h t ,  a CW o r  pu lse  type c a l i -  
b r a t i o n  w i l l  r e s u l t  i n  a misleading i n t e r p r e t a t i o n  of t h e  changed response of 
t h e  radiometer t o  t h e  a c t u a l  cosmic noise being measured. The only completely 
s a t i s f a c t o r y  so lu t ion  i s  t h e  i n - f l i g h t  use of  a wide-band random noise  genera tor  

9 

After c a r e f u l  s tudy of  var ious  methods f o r  genera t ing  wide-band random noise  
t h a t  would have a reasonable chance of  surviving t h e  powered po r t ion  o f  t h e  rocke t  
f l i g h t ,  a spec ia l ,  double-diffused s i l i c o n  junc t ion  noise  diode was chosen. The 
diode i s  operated reversed biased and wel l  beyond t h e  knee of t h e  Zener region.  A 
good diode does not e x h i b i t  t h e  t y p i c a l  spiked o r  ragged and e r r a t i c  vol tage f l u c -  
t u a t i o n s  assoc ia ted  with t h e  avalanche conduction mode. When the  diode opera t ing  
cur ren t  i s  c o r r e c t l y  chosen, t h e  noise  output i s  symmetrical with respec t  t o  a 
zero base- l ine  and appears t o  have a s a t i s f a c t o r y  d i s t r i b u t i o n  of amplitudes 
wi th  no frequency coherence when viewed on a high frequency osc i l loscope ,  

* 

The c i r c u i t  developed here  f o r  use with t h i s  diode i s  shown i n  Figure 22. 
This c i r c u i t  with a proper ly  se l ec t ed  noise diode i s  capable of  producing an 
equiva len t  noise temperature a t  t h e  dummy antenna output  te rmina ls  i n  excess of  
1 x 1 0 9 0 K .  A. step-down transformer and a high-beta s i l i c o n  t r a n s i s t o r  i s  used 
as an  emit ter  fol lower t o  match t h e  noise diode i n t e r n a l  impedance (approximately 
300 ohms a t  1 Me) down t o  50 ohms f o r  input  t o  the  dummy antenna unbalanced-to- 
balanced input  t ransformer.  It has been experimental ly  v e r i f i e d  t h a t  t he  t r a n -  
s i s t o r  i t s e l f  con t r ibu te s  a neg l ig ib l e  amount of noise  t o  t h e  t o t a l  output .  

A . t  t h e  time t h e  noise  diode se l ec t ion  was made, r e l a t i v e l y  l i t t l e  was 
known about t h e  long-term c h a r a c t e r i s t i c s  of t h e  device,  so an  extensive measure- 
ment program was undertaken t o  ob ta in  information on important parameters such 
as noise  output quan t i ty  and q u a l i t y  with respec t  t o  diode opera t ing  cur ren t  and 
temperature ,  s p e c t r a l  d i s t r i b u t i o n  of energy, and shor t  and long-term s t a b i l i t y .  
The last  i t e m  mentioned has been underway f o r  approximately 16 months and t h e  
r e s u l t s  t o  d a t e  i n d i c a t e  t h a t  t h e  s t a b i l i t y  of t h e  diode as used i n  t h e  rocke t  
experiment i s  adequate. 
t h e r e  has  been one unexplained ca tas t rophic  f a i l u r e ,  and one f a i l u r e  due t o  

Of 11 diodes on continuous l i f e  t e s t  f o r  16 months, 

* S o l i t r o n  Sounvis ter  Diode Type SD2L, Manufactured by S o l i t r o n  Devices, 
Norwood, New Jersey.  
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connecting lead f a i l u r e .  
s a t i s f a c t o r i l y .  The average noise output  change i n  16 months i s  less than  
0 .4  db. The maximum observed change was +1.3 with a measurement unce r t a in ty  
Of * 0 . 3  db. Since these  diodes were obtained more than  2 years  ago it can 
probably be assumed now t h a t  diodes o f / r e c e n t  manufacture w i l l  be even b e t t e r  
s ince  it  i s  known t h a t  t h e  manufacturer i s  a c t i v e l y  engaged i n  improving t h e  
product . 

The remainder of  t h e  diodes continue t o  opera te  

It i s  important t o  recognize t h a t  t h e  diode as used i n  t h i s  experiment 
i s  used only as a comparison device.  The labora tory  thermionic noise diode 
c a l i b r a t i o n s  are used as t h e  absolu te  s tandard and t h e  i n - f l i g h t  s o l i d - s t a t e  
diode merely serves  as a means t o  determine t h e  magnitude of any change i n  
t h e  radiometer c a l i b r a t i o n s .  

Noise diodes considered s u i t a b l e  f o r  f l i g h t  must e x h i b i t  c h a r a c t e r i s t i c s  
a t  least equal  t o  t h e  following: 

1. The s p e c t r a l  d i s t r i b u t i o n  of t h e  noise  must be constant  wi th in  k0.3 db 
from 0.75 t o  2.0 megacycles a t  cons tan t  temperature and diode cur ren t .  

2. When t h e  noise  diode cur ren t  i s  var ied  f 10% from t h e  optimum 
value,  t h e  output  l e v e l  and s p e c t r a l  d i s t r i b u t i o n  of  t h e  noise  
energy must not vary more than  20.5 db. When t h e  noise s i g n a l  
i s  viewed on a wideband osc i l loscope ,  t h e r e  must be no not iceable  
change i n  t h e  appearance of  t h e  waveform. 

3. The noise  output  must not vary more than  fO.5 db over; t h e  
temperature range from 0°F t o  +140"F. 

Figures  23 and 24 show t h e  temperature and s p e c t r a l  performance of  t h e  
noise diode chosen f o r  f l i g h t .  Since a measurable temperature c o e f f i c i e n t  
does ex i s t ,  a small constant  temperature oven opera t ing  a t  90°F 53°F was 
designed f o r  t h e  complete noise genera tor  c i r c u i t .  Construction d e t a i l s  a r e  
shown i n  Figures 25 and 26. 
i n t e r n a l  temperature a r e  monitored during f l i g h t  for reference purposes. 

Both t h e  diode opera t ing  cur ren t  and the  oven 
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PHOTOCELL ASPECT SYSTEM 

Two self  genera t ing  s i l i c o n  s o l a r  c e l l s  f o r  aspec t  sensing are mounted on 
t h e  ins t rumenta t ion  rack as shown i n  Figure 27. The upper c e l l  f o r  de t ec t ion  
of veh ic l e  tumble has a small c i r c u l a r  aperture d i r ec t ed  upward and p a r a l l e l  
t o  t h e  payload sp in  a x i s .  The lower photoce l l  f o r  t h e  de t ec t ion  of  vehic le  
sp in  i s  mounted t o  look r a d i a l l y  outward i n  t h e  plane of  t h e  sp in  a x i s .  It 
i s  inc l ined  downward a t  an  angle  of 43" t o  a plane perpendicular  t o  t h e  sp in  
axis .  A t  low l i g h t  l e v e l s ,  t h e  photoce l l  output vol tage i s  propor t iona l  t o  
t h e  logari thm of t h e  inc iden t  l i g h t  i n t e n s i t y  but  when d i r e c t l y  viewing t h e  
sun, t h e  output i s  sa tu ra t ed .  Each photoce l l  output  i s  sampled for 30 m i l l i -  
second once each second on the  commutated te lemeter ing  channel. The azimuth 
or sp in  a x i s  c e l l  f i e l d  of view i s  shown i n  Figure 28. It w i l l  be recognized 
t h a t  t h i s  i s  a very simple aspec t  system which cannot provide high accuracy 
because of t h e  lack of  o p t i c s  and t h e  time-multiplexed d a t a  shar ing .  Spin 
h i s t o r y  of t h e  f l i g h t ,  and d e t e c t i o n  o f  payload tumble i s  poss ib l e  however, 
provided t h a t  ne i the r  t h e  sp in  or tumble per iods  are equal  t o  or l e s s  than t h e  
1 second te lemeter ing sampling per iod.  



CALL BRA T I  ON 

1. RADIOMETERS 

Cal ibra t ion  of t h e  instrumentat ion j u s t  descr ibed d iv ides  n a t u r a l l y  i n t o  
two phases:  the  labora tory  p r e - f l i g h t  c a l i b r a t i o n s ,  and t h e  i n - f l i g h t  pro- 
grammed c a l i b r a t i o n .  All l abora tory  pre-f  l i g h t  radiometer response c a l i b r a -  
t i o n s  a r e  performed with a wide band random noise  genera tor  designed and b u i l t  
i n  t h i s  laboratory.  The noise genera tor  c i r c u i t  shown i n  Figure 30 uses a 
temperature l imited thermionic diode as a noise  source followed by a s t a b l e  
wide-band ampl i f ie r .  Amplifier ga in  i s  measured and ad jus ted  i f  necessary 
with accura te  s t e p  a t t enua to r s  before  each c a l i b r a t i o n  i s  undertaken. This  
i s  done a t  each of t h e  t h r e e  radiometer opera t ing  frequencies .  The r e s u l t a n t  
accu ra t e ly  known noise energy i s  cont ro l led  by cascaded s t e p  a t t e n u a t o r s  
which feed the  rocket dummy antenna inpu t .  This c a l i b r a t i o n  scheme thus  
requi res  only a constant  output noise genera tor  and s t a b l e ,  accu ra t e  s t e p  
a t t enua to r s .  Since the  diode cur ren t  can be measured with high p r e c i s i o n  and 
and a l l  o the r  measurements requi re  only t h e  use of pass ive  a t t e n u a t o r s ,  it i s  
believed t h a t  a m i n i m u m  amount of  systematic  c a l i b r a t i o n  unce r t a in ty  i s  i n t r o -  
duced. 

Correction i s  made f o r  t he  dummy antenna unbalanced-to-balanced input  
t ransformer i n s e r t i o n  loss, and measurement of  a l l  capac i to r s  i s  done with 
t h e  p rec i s ion  s u b s t i t u t i o n  method diagrammed i n  Figure 29. 

I n  addi t ion  t o  t h e  primary radiometer random noise  c a l i b r a t i o n s  through 
t h e  rocket dummy antenna adjusted t o  s imulate  t h e  a n t e n n a  e l e c t r i c a l  charac te r -  
i s t i c s  i n  free space,  o t h e r  values  of CA a r e  i n s e r t e d  i n  t h e  dummy antenna t o  
stimulate t h e  reactance changes which occur when t h e  antenna i s  immersed i n  t h e  
ionosphere.  With a known s i g n a l  present  a t  t h e  dummy antenna inpu t ,  it i s  thus  
poss ib l e  t o  determine t h e  preampl i f ie r  vo l tage  t r a n s f e r  func t ion  versus CA and 
de r ive  cor rec t ion  f a c t o r s  which can be appl ied t o  t h e  radiometer r e s u l t s .  
of t hese  t r a n s f e r  funct ions are shown i n  Figure 31. 

Curves 

Correct ion f a c t o r s  are a l s o  determined f o r  ambient temperature e f f e c t s  
on t h e  radiometers and antenna capaci tance measuring c i r c u i t r y .  The i n s t r u -  
ment ambient temperature i s  monitored during f l i g h t  and t h u s  appropr ia te  
co r rec t ions  can be made i f  necessary.  
f a c t o r s  are usua l ly  small. 

Experience has shown however, t h a t  t hese  

The complete radiometer c a l i b r a t i o n  curves f o r  0.75, le2B and 2.00 Mc 
are shown i n  Figures 3 2 ,  33 and 34. 
increment of telemetered vol tage i s  1 p a r t  i n  100, t h e  minimum de tec t ab le  

Assuming t h a t  t h e  smallest reso lvable  



R - T  product f o r  each of t h e  t h r e e  channels i s  1 x 1O6"K-ohms a t  0.75 Me, 
6 x lO5"K*ohms a t  1.225 Me a n d  7 x 105"K.ohms a t  2.00 Me. Actua l ly ,  t h e  
te lemeter ing  r e so lu t ion  f o r  t h i s  system i s  c l o s e r  t o  1 p a r t  i n  500. This 
permits  an  even lower minimum de tec t ab le  noise s i g n a l  l e v e l  t o  be a t t a i n e d .  

A unique f e a t u r e  of t h i s  measurement system i s  t h e  two-step i n - f l i g h t  
radiometer noise  c a l i b r a t i o n .  The same switch t h a t  connects t h e  antenna t o  
t h e  br idge f o r  antenna capacitance measurement a l s o  connects t h e  preampl i f ie r  
input  t o  t h e  dummy antenna. The f i r s t  s t e p  of t h e  c a l i b r a t i o n  i s  t h e  zero i n -  
put s i g n a l  l e v e l  t hus  e s t ab l i shed .  Two seconds l a t e r  t h e  wide-band random noise  
genera tor  connected t o  the  dunmy antenna i s  energized,  and a known noise  l e v e l  
c a l i b r a t i o n  poin t  i s  obtained.  It i s  not necessary t o  disconnect t h e  deener- 
gized noise  genera tor  from t h e  dummy antenna when t h e  "no-noise" c a l i b r a t i o n  
poin t  i s  obtained.  This i s  because the source impedance a t  t h e  secondary of 
t h e  dummy antenna input  t ransformer i s  very small with respec t  t o  t h e  reac-  
tance  of t h e  antenna capaci tance CA and thus  does not a f f e c t  t h e  input  system 
noise  temperature .  

2. ANTENNA CAPACITANCE 

P r e - f l i g h t  c a l i b r a t i o n  of t h e  antenna br idge involves  t h e  p rec i s ion  
measurement and p a i r i n g  of equal  capac i tors  using t h e  t e s t  se tup  shown i n  
Figure 29. These capac i to r s  are then subs t i t u t ed  i n  p lace  of t he  a c t u a l  
antennas i n  t h e  rocket  payload and the c a l i b r a t i o n  curves shown i n  Figure 
35 are obtained.  The phrase "antenna equiva len t  capacitance",  CA used i n  
t he  f i g u r e  r e f e r s  t o  t h e  equiva len t  unbalanced antenna capaci tance which i s  
j u s t  1/2 t h a t  of each ha l f  of t he  a c t u a l  balanced antenna a s shownin  Figure 
5. The t r a n s f e r  func t ion  shown i n  Figure 31 a i d s  i n  da t a  reduct ion i f  the  
e x c i t a t i o n  level v a r i e s  or t h e  bridge thermal  temperature changes substan- 
t i a l l y  dur ing  f l i g h t .  

Ca l ib ra t ion  of t h e  negative CA po r t ion  of t h e  t o t a l  measurement range i s  
accomplished by temporar i ly  reducing t h e  t o t a l  capac i ty  below t h a t  of t he  stray 
shunting value (cB/2) only.  Since the r a d i a t i o n  r e s i s t ance  i s  so small t h a t  i t  
can be neglected,  t h e  br idge normally sees t h e  capaci tances ,  CA and CB/2 i n  
p a r a l l e l  as shown i n  Figure 6. If the leads  t o  the  undeployed antennas are now 
disconnected,  t h e  shunt capaci tance i s  reduced. The br idge cannot d i s t ingu i sh  
t h i s  cond i t ion  from one where Cg/2 i s  i t s  normal value and CA = -Cg/2. 
over  t h e  range 0 > CA > -CB/2, t h e  bridge can be ca l ib ra t ed  f o r  -CA by adding 
known capac i to r s  i n  p lace  of Cj3/2. 
p roper ly  f o r  a l l  s t r a y  capacitance changes t h a t  might occur during t h i s  sub- 
s t i t u t  i o n  procedure.  

Thus, 

It i s  necessary,  of course,  t o  account 



COMPUTE Pm-FIJGMT CALIBRATIONS AND MEASUREMENTS 

A la rge  number of supporting c a l i b r a t i o n s  and p r e - f l i g h t  measure- 
ments i s  also required.  
formance and  recovering as much usable information as poss ib l e  i f  a 
malfunction occurs i n  t he  system during t h e  rocket f l i g h t .  
ing i s  a t y p i c a l  l i s t  of p r e - f l i g h t  c a l i b r a t i o n s  and  measurements: 

These a r e  intended t o  a i d  i n  monitoring per -  

The follow- 

1. 

2 .  

3 .  

4. 

5 .  

6. 

7. 

8. 

9- 

10. 

11 0 

12. 

13 * 

14. 

Measure inser t ions  loss and input  impedance of dummy antenna 
matching transformer a t  0.75, 1.225, and 2.00 Mc. 

Measure value of f l i g h t  dummy antenna C A  capac i to r s .  

Measure s t r a y  (base)  capac i ty  t o  ground of t he  DeHavilland 
antennas and  associated wir ing.  Include co r rec t ion  f o r  change 
i n  s t r a y  capacitance caused by antenna deployment during f l i g h t .  

Measure and ad jus t  dummy antenna shunt capac i tors  t o  match 
item 3 above. 

Measure dummy antenna-preamplif i e r  vol tage t r a n s f e r  func t ion  versus 
a n t e n n a  CA a t  0.75, 1.225 and 2.00 Mc. 

Cal ibra te  antenna capacitance measurement c i r c u i t  from 
CA = +4O ppf t o  -15 ppf .  

Determine temperature c o e f f i c i e n t  of i tem 6 above. 

Noise c a l i b r a t e  each radiometer through rocket dummy antenna. 

Determine temperature c o e f f i c i e n t  of i tem 8 above. 

Cal ibra te  each radiometer noise bandwidth a t  J eo d t  l e v e l s  of 
0,  1.0, 2 .0 ,  3.0 and 4.0 v o l t s .  

C - W .  c a l i b r a t e  each radiometer through rocket dummy antenna. 

Measure r m s  output voltage of each radiometer audio output 
channel f o r  complete range of input  noise l e v e l s .  

Repeat item 8 and vary f i lament  vol tage by +5$. 

Repeat item 8 and vary +200 v o l t  B+ voltage by *5$.  
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13. Repeat i tem 8 and vary +130 volt  B+ voltage by *5$. 

16. Ca l ib ra t e  thermis tors  which monitor r ece ive r  base p l a t e ,  
antenna br idge support and noise genera tor  oven temperature 

17. Make a wide-band (100 kc t o  7 Me) t r u e  r m s  vol tage measurement 
of t he  noise genera tor  output vol tage.  

18. Op t i ca l ly  c a l i b r a t e  t h e  sp in  and tumble a x i s  aspect  pho toce l l s .  

19. Measure l i n e a r i t y  of the  f i v e  te lemeter ing subca r r i e r  o s c i l l a t o r s .  

20. Ca l ib ra t e  t h e  antenna r i g h t  and  l e f t - s i d e  p o s i t i o n  monitors. 

21. Measure t h e  absolu te  value of t he  i n - f l i g h t  te lemeter ing 
c a l i b r a t o r  vo l tage .  

22. Measure the  following telemeter-monitored opera t iona l  vol tages:  

a .  -32 vo l t  b a t t e r y  

b .  +14 vo l t  b a t t e r y  

e .  + l 3 O  vo l t  regulated B+ 

d .  +200 v o l t  regulated B+ 

e .  -25 v o l t  regulated fi lament vol tage 

f .  +9 vo l t  regulated VCO supply vol tage 

g .  Noise genera tor  cur ren t  

h .  nose-cone p o s i t i o n  monitor 

i .  antenna power monitor 

j .  r ece ive r  audio commutator p o s i t i o n  monitor 



SWITCHING SEQUENCE TIMER 

Because of t he  involved switching sequence required t o  perform a l l  
of t h e  measurements and c a l i b r a t i o n s ,  a r a t h e r  complicated timer i s  neccessary.  
The time r e l a t ionsh ips  can bes t  be i l l u s t r a t e d  by r e f e r r i n g  t o  Figure 33 
which i l l u s t r a t e s  a complete sequence of switching events .  Note t h a t  72 
seconds are required before  t h e  system repea t s .  I n  t h a t  i n t e r v a l  t he  pre-  
ampl i f i e r  and  br idge sequence i s  repeated 6 t imes,  t h e  r ece ive r  audio output 
commutator sequence repea ts  twice a n d  the  te lemeter ing VCO channel c a l i b r a -  
t i o n  occurs  once. 

Referring t o  Figure 36, t h e  bas ic  t iming i n t e r v a l  i s  generated by the  
a s t a b l e  mul t iv ibra tor  labeled "Antenna Timer". 
a -32 v o l t  pulse with a dura t ion  of approximately 50 mil l i seconds .  
i s  used t o  dr ive  two power ampl i f i e r s ,  which i n  t u r n  energize t h e  antenna 
Index a n d  t he  audio commutator Ledex. The antenna k d e x  shown i n  Figures 
8 and 36 dr ives  a twelve-posi t ion multi-wafer switch wired as a 6-pole  
double throw switch. Four of t he  poles  a r e  used t o  switch t h e  balanced preamp 
and br idge t o  t h e  dummy antenna and antenna. One pole  i s  used t o  fu rn i sh  -32 
v o l t s  t o  t h e  Zener r egu la to r ,  
t h e  br idge exc i t a t ion  and noise genera tor  de lay  c i r c u i t s .  
are designed t o  energize t h e  c i r c u i t s  they  con t ro l  a spec i f i ed  number of seconds 
a f t e r  t h e  delay t i m e r  i s  energized. 

The output  of  t h i s  t imer  i s  
The pulse  

Dlo. The remaining pole  suppl ies  -25 v o l t s  t o  
These delay c i r c u i t s  

The audio commutator Ledex shown i n  Figure 37 i s  a twelve-posi t ion r o t a r y  
switch with one pole  wired as a th ree -pos i t i on  switch.  It thus  switches e l ec -  
t r i c a l l y  once every two times t h e  Ledex i s  energized.  The second pole  i s  wired 
t o  func t ion  once f o r  every revolu t ion  of t h e  Ledex, s n d  provides  power f o r  t h e  E o  
c a l i b r a t i o n  timer c i r c u i t r y  
provides a n  analog switch pos i t ionvol tage  t o  t h e  commutated te lemeter ing channe 1. 

f o r  6 seconds every 72 seconds. The t h i r d  pole  

I n  both the delay c i r c u i t s  and t h e  c a l i b r a t i o n  t i m e r ,  i f  t he  c i r c u i t s  f a i l  
i n  e i t h e r  t h e  energized o r  de-energized pos i t i on ,  they  w i l l  be switched out 
wi th in  s i x  seconds by the  antenna t imer .  Fur ther ,  if e i t h e r  o r  both the  antenna 
Ledex o r  t h e  video commutator Ledex should malfunction, t h e  antenna t imer  w i l l  
continue t o  energize them i n  a n  a t tempt  t o  r e s t o r e  normal ac t ion .  Under these  
circumstances,  t h e  audio commutator Ledex may g e t  out of "sync" with the  a n -  
t e n n a  Ledex. 
c a l i b r a t i o n  sequence w i l l  merely be sh i f t ed  a mul t ip le  of s i x  seconds from the  
antenna sequence. 
and thus  ambiguity i s  avoided. 

This i s  not s e r ious ,  however,because t h e  audio commutator and 

Also, t h e  pos i t i on  of t h e  audio commutator i s  telernetered 



c . 

Although t h e  above i s  a b r i e f  summary of t h e  switching,  a more d e t a i l e d  
d iscuss ion  seems warranted because of the complexity of t h e  system. The 
bas i c  antenna timer c i r c u i t  i s  shown i n  Figure 38 .  
t h i s  and o the r  c i r c u i t s  t o  be discussed a r e  shown i n  Figure 3 9 .  The f i r s t  
bas i c  c i r c u i t  i s  t h e  antenna t i m e r ,  which i s  a convent ional  a s t a b l e  mul t iv i -  
b r a t o r  with approximately symmetrical 3 second on-off t i m e s .  The output  
relay i s  placed i n  series with a capac i tor  from t h e  c o l l e c t o r  of TRe t o  
ground. This i s  done t o  l i m i t  t h e  re lay  ac tua t ion  t ime t o  50 mill iseconds,  
while  s t i l l  maintaining a t o t a l  period of 6 seconds. 
C 4  charges through and t h e  r e l ay  c o i l .  Since t h e  r e l a y  i s  a magnet ical ly  
biased polar ized  type,  t h e  chargirgcurrent  does not t r i g g e r  t h e  r e l ay .  When 
TR8 conducts, C 4  d ischarges through the r e l a y  c o i l .  The cu r ren t  d i r e c t i o n  
i s  now co r rec t  and t h e  r e l a y  opera tes .  The t i m e  constant  of t h e  r e l a y  c o i l  
and C 4  i s  adjusted so t h a t  t h e  relay remains closed f o r  approximately 50 
mil l i seconds .  Diode D7 prevents  the  re lay  c o i l  back EMF from damaging 
capac i to r  C 4 .  

Applicablewaveforms f o r  

When TRe i s  cu t  o f f ,  

The second bas i c  c i r c u i t  i s  t h e  delay-on t i m e r  which i s  used i n  t h e  
VCO c a l i b r a t i o n  sequencer, t h e  noise  generator  de lay  and t h e  br idge exc i t a -  
t i o n  de lay  t i m e r .  
TR3 i s  cu to f f  and C 6  i n i t i a l l y  i s  not charged. 
f a l l i n g  toward -E 
t h e  t r a n s i s t o r  conducts and r e l a y  RLY2 func t ions .  

Referring t o  t h e  s implif ied c i r c u i t  i n  Figure 40 t r a n s i s t o r  
When -Ecc i s  appl ied ,  Eb begins 

When % reaches about -0 .2  volts.,  as t h e  capac i to r  charges.  cc  

I n  t h e  c i r c u i t s  f o r  t h e  br idge exc i t a t ion  de lay  and noise genera tor  de lay  
shown i n  Figure 36, a d d i t i o n a l  r e s i s t o r s  ( R 1 3  and R 1 7 )  have been provided. 
They are switched across  C when t h e i r  r e l ays  are energized.  This i s  necessary 
because these  c i r c u i t s  must be re-set wi th in  6 seconds a f t e r  they  are de- 
energized.  I f  t h i s  provis ion  i s  not included, t h e  r e - s e t  t i m e  i s  about T = 
5 RC where R = lOOK which, i n  t h e  case of  t h e  above de lay  c i r c u i t s ,  would r e -  
qu i r e  100 and 75 seconds, respec t ive ly .  With t h e  r e - s e t  p rovis ion ,  t h e  t i m e  i s  
shortened t o  about 1 second, and occurs while t h e  r e l a y  i s  s t i l l  energized.  
Thus, i f  t h e  de l ay  c i r c u i t  remains on f o r  1 second o r  more, t h e  c i r c u i t  w i l l  be 
f u l l y  r e - s e t  immediately a f t e r  de-energizat ion.  This  provis ion  i s  not necessary 
i n  t h e  VCO sequences because it must func t ion  only once i n  72 seconds and has a 
normal re-set t i m e  of about 25 seconds. 

The delay-off  g a t e  shown i n  Figure 41 and used i n  t h e  VCO c a l i b r a t i o n  
t i m e r  i s  t h e  f i n a l  type of  de lay  c i r c u i t  used. I n  t h i s  case,  audio commutator 
Ledex wafer B provides  t h e  i n i t i a t i n g  power, -Ecc9 t o  t h e  c i r c u i t .  Relay R L Y l  
i s  energized immediately and i s  de-energized 2 seconds l a t e r .  This method of 
te rmina t ing  t h e  VCO c a l i b r a t i o n  has been chosen because of r e l i a b i l i t y  con- 
s i d e r a t i o n s .  If the  audio commutator Ledex malfunctions i n  t h e  VCO c a l i b r a t e  
p o s i t i o n ,  f o r  i n s t ance ,  a delay-on timer cannot be wired f a i l - s a f e .  The delay-  
off t i m e r  w i l l  t i m e  out  and no f u r t h e r  VCO c a l i b r a t i o n  can then  occur u n t i l  
Ledex wafer B, completes 12 s t e p s .  C i r cu i t  opera t ion  i s  b a s i c a l l y  t h e  same as 



t h a t  of t h e  delay-on ga te  previously described except t h a t ,  ins tead  of using 
TR2 t o  energize a r e l ay ,  t h e  r ise  i n  c o l l e c t o r  vol tage when TR;, conducts i s  
used t o  cu t  off TR1, which was previously conducting a n d  which has r e l a y  RLYl  
i n  i t s  c o l l e c t o r  c i r c u i t .  

The audio a n d  antenna commutator Ledex s tepping switches each requi re  
a 28 v o l t  35 millisecond 3 ampere pulse  f o r  proper ac tua t ion .  
p l i shed  with power t r a n s i s t o r s  T R l l  and TR12 shown i n  Figure 36. 
are normally cutoff  by t h e  +14 v o l t  supply through r e l a y  RLY6 contac ts  and d r ive  
r e s i s t o r s  R6  and R 7 .  When RLYe c loses  f o r  50 mill iseconds t h e  bases a r e  dr iven 
i n t o  sa tu ra t ion  from the  -32 vo l t  supply, t h e  t r a n s i s t o r s  conduct, t he  Ledexes 
a c t u a t e  and s t ep  one pos i t i on .  The Ledex c o i l s  must not remain enrergized f o r  
extended periods because of t h e i r  l imited duty cycle  r a t i n g .  Also, t h e  la rge  
cur ren t  t h a t  flows i s  a s u b s t a n t i a l  load on t h e  b a t t e r y .  These reasons d i c t a t e  
t he  choice of a 50 millisecond "on" cycle  f o r  r e l a y  RLY6. 

This i s  accom- 
The bases 

To el iminate  Ledex switching t r a n s i e n t s  from i n t e r f e r i n g  with proper 
t i m e r  performance, it i s  necessary t o  opera te  t h e  c o l l e c t o r  of TRe from a 
separa te  Zener r egu la to r  diode De. The base d r i v e  c i r c u i t s  of TR7 and TRe a r e  
a l s o  decoupled with Zene r  r egu la to r  diode D1,. Prec i s ion  c o n t r o l  of t h e  delay-  
on c i r c u i t  timing requi res  a s t a b l e  vol tage f o r  t h e  base d r ive  c i r c u i t s .  Z e n e r  
diode Ds provides a regulated source of +10 v o l t s  from the  unregulated +14 v o l t  
b a t t e r y  . 

All timing capac i tors  i n  t h e  c i r c u i t s  of Figure 36 a r e  hermet ica l ly  sea led ,  
s in t e red  anode, wet s lug  tantalum type XT capac i to r s  manufactured by P.R. Mallory. 
Over a l l  extremes of supply vol tage and ambient temperature,  antenna switch t iming 
accuracy was maintained wi th in  55% of nominal. 
by 20.4 second a t  t h e  extremes. 
mately t h e  same degree,  no t iming func t ions  were shortened o r  lengthened apprecia-  
b l y  with respect t o  t h e  o the r s .  

The VCO c a l i b r a t i o n  period var ied 
Furthermore, s ince  a l l  c i r c u i t s  varied i n  approxi- 

Two add i t iona l  t i m e r  f e a t u r e s  not used on t h e  f l i g h t  payload a r e  a l s o  shown 
The br idge Ledex sequencer (enclosed i n  t h e  dot ted  box) i s  another  i n  Figure 36. 

a s t a b l e  mul t iv ibra tor  similar t o  t h e  antenna t i m e r  f o r  t h e  con t ro l  of an addi-  
t i o n a l  Ledex stepping switch.  Antenna Ledex wafer A 1  i s  located i n  t h e  upper 
right-hand corner of Figure 36. 
i s  removed, the antenna timer a s t a b l e  mul t iv ib ra to r  switching i n t e r v a l s  w i l l  
become unequal because t iming capac i to r  
be switched i n  and out  of t h e  base c i r c u i t  of  TR8. This func t ion  i s  not required 
however when the br idge Ledex sequence t imer  i s  not used. 

I f  the  jumper shown across  te rmina ls  43 and 44 

(and Cs i f  used)  w i l l  a l t e r n a t e l y  

All timer c i r c u i t s  are mounted toge ther  i n  a subassembly shownin Figure 
The u n i t  weighs 42. 

81 cubic inches.  
38 ounces, exclusive of t h e  Ledex a c t u a t o r s  a n d  it occupies 
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TE-TERING SYSTEM 

The te lemeter ing system adopted f o r  t h i s  experiment i s  a standard 
m/FM system which conforms t o  the  I R I G  spec i f i ca t ions .  
RF power ampl i f ie r  combination operates a t  240.2 Mc with a power output of 10 
wa t t s ,  nominal. Six FM subca r r i e r  channel s igna l s  a r e  summed and cons t i tue  
the  t r ansmi t t e r  modulation inpu t .  True frequency modulation occurs i n  t h i s  
t r ansmi t t e r  design.  
signed t o  have a near optimum r a d i a t i o n  p a t t e r n  f o r  t he  expected rocket t r a -  
j ec to ry .  Each of t he  te lemeter ing subsections i s  described i n  d e t a i l  below. 

The FM t r ansmi t t e r -  

The t r ansmi t t e r  RF output d r ives  a t u r n s t i l e  antenna de- 

1. SUBCARRIER OSCILLATORS 

Six voltage control led subcar r ie r  o s c i l l a t o r s  (VCO) a r e  used i n  t h i s  
system as shown i n  t h e  upper sec t ion  of Figure 37. 
o s c i l l a t o r s  and the  s i x t h  i s  a Vector type supplied by NASA Goddard Space 
F l igh t  Center i n  t he  vehicle  performance accelerometer package. 
designed t o  accept an input voltage range of 0 t o  +5 v o l t s ,  E. The upper 
modulation frequency l i m i t  of each VCO i s  dependent on i t s  output c a r r i e r  
cen ter  frequency. Modulation (i.e.,  devia t ion)  l i n e a r i t y  of t h e  EMR VCO i s  
O . l $  or b e t t e r ,  about t h e  bes t  s t r a i g h t  l i n e  f o r  +7.5$ devia t ion .  
and output impedance i s  5OOK ohms and 5K ohms respec t ive ly .  The output 
c a r r i e r  l e v e l  i s  ad jus tab le  t o  5 vo l t s  r m s .  
a t  +9 v o l t s  regulated.  Each VCO i s  separa te ly  fused so t h a t  a f a i l u r e  i n  
one VCO w i l l  not a f f e c t  t he  o thers .  

Five a r e  EMR type 184C 

Each VCO i s  

Input 

Input power required i s  4.5 ma 

All VCO outputs a r e  summed i n  a r e s i s t i v e  network shown i n  Figure 37. 
Subcarr ier  preemphasis i s  used t o  achieve equal  channel s ignal- to-noise  
r a t i o  a t  the  te lemeter ing rec iever  output.  Deta i l s  a r e  shown i n  Table 11. 

TABU I1 

lR I G  Center Frequency Band Output 
Band Frequency, Deviation, Width, Level, Data Assignment 

9 3900 2 7.5 w 0.21 NASA accelerometer 
No. cps k cps rms v 

11 7350 2 7.5 110 0.20 0.75 Mc radiometer l e o  d t  
12 10500 2 7.5 160 0.23 1.225 Mc radiometer /eo d t  
13 14500 2 7.5 220 0.30 2.00 Mc radiometer /eo d t  

14 22000 2 7.5 330 0.35 30-channel commutator 
E 70000 215.0 2 100 0.62 Radiometer audio outputs  
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V 

2. INPUT SIGNAL LJMITING - 

Since a malfunction of a radiometer o r  o t h e r  c i r c u i t s  feeding t h e  V C O ' s  
could cause the  normal input  range of 0 t o  +5 v o l t s  t o  be exceeded, a s i g n a l  
l i m i t i n g  c i r c u i t  f o r  each VCO input  i s  requi red .  A s e r i e s  r e s i s t o r  followed 
by two biased s i l i c o n  junc t ion  diodes shown i n  Figure 37 i s  used. 
l imi te r  prevents t h e  s i g n a l  level a t  t h e  VCO input  from exceeding -0.5 v t o  
+5.5 v o l t s .  The negative l i m i t  diode i s  biased a t  zero v o l t s  and t h e  pos i -  
t ive  l i m i t  diode i s  based a t  +5.O v o l t s  which i s  derivedfrom t h e  +9 v o l t  
regulated supply. 

This 

3 .  VCO IN-FLLGHT CALIBRATION 

A 0 vol t  and +4.04 v o l t  two-step i n - f l i g h t  c a l i b r a t i o n  i s  performed 
every 72 seconds during f l i g h t  on a l l  V C O ' s  except t h e  22 kc commutated 
channel which uses  these  same two vol tage l e v e l s  as two of i t s  r egu la r  
30 input  channels. 
mercury c e l l s .  
except t h e  commutated channel are disconnected, p a r a l l e l e d  by relays RLY2 
and RLY3 i n  Figure 37 and connected t o  t h e  VCO c a l i b r a t i o n  input  te rmina l  
m36. 
36. 
b a t t e r y  i s  connected t o  t h e  l i n e .  
i s  complete and a l l  V C O ' s  are returned t o  t h e i r  normal d a t a  inputs .  
two c a l i b r a t i o n  po in t s  so obtained,  co r rec t ion  f a c t o r s  ( i f  any) can be obtained 
f o r  a l l  i n - f l i g h t  and ground s t a t i o n  te lemeter ing  system d r i f t s .  The magni- 
tude of t h e  mercury b a t t e r y  vol tage i s  measured t o  5.014 before  f l i g h t  and it  
i s  assumed t h a t  it remains constant  throughout t h e  f l i g h t .  This b a t t e r y  serves  
no o t h e r  purpose and i s  only required t o  supply 4 x 10-5 amperes f o r  approxi- 
mately 3 seconds every 72 seconds. 

The +4.04 v o l t  l e v e l  is obtained from t h r e e  RM-1 
A t  t h e  beginning of  t h e  c a l i b r a t i o n  cycle  a l l  l i m i t e r  inputs  

This point  i s  f i r s t  connected t o  s i g n a l  ground by r e l a y  RLY2 i n  Figure 
One second later t h e  s i g n a l  ground i s  removed and t h e  +4.04 v o l t  mercury 

From t h e  
After one a d d i t i o n a l  second, c a l i b r a t i o n  

4.  COMMUTATOR 

A 30 channel, s ing le  pole ,  50 sample p e r  second commutator i s  used t o  
t ime-multiplex the  22 kc s u b c a r r i e r  VCO. The commutator i s  a T.I.C. Model 
R-6-15-30~1 and i s  connected break-before-make, with a duty cycle  of approxi- 
mately 85%. The increase  i n  channel capac i ty  thus  provided permits  backup 
of a l l  continuous channels aga ins t  VCO f a i l u r e ,  t ransmiss ion  of much opera- 
t i o n a l  d a t a  such as instrument temperature,  b a t t e r y  condi t ion ,  e t c . ,  and i s  
a l s o  t h e  prime d a t a  channel f o r  t h e  antenna capaci tance measurement. 

The commutator channel assignments are shown i n  Table I11 below. 
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TABLE I11 

Commutator . 

Segment No. Function 
1 Antenna Bridge Input 
2 Antenna Bridge Output 
3 0 Volt Cal ibra t ion  
4 +4.04 Volt Ca l ib ra t ion  
3 
6 
7 
8 -32 Volt Main Bat te ry  
9 +14 Volt Main Bat te ry  

0.75 Me Radiometer se0 d t  
1.223 Me Radiometer Ieo d t  
2.00 Me Radiometer leo d t  

10 Antenna Bridge Temperature 
11 Antenna Bridge Input (Cross-s t rap t o  1) 
12  
13 + l 3 O  Volt B+ Monitor 
14 +200 Volt B+ Monitor 
15 -23.2 Volt Filament Monitor 
16 Receiver Audio Commutator Pos i t i on  
17 
18 
19 
20 Nose Cone Pos i t i on  Monitor 
21 Receiver Deck Temperature 
22 Antenna Bridge Output (Cross-s t rap t o  12)  
23 Antenna Right Side Pos i t i on  Monitor 
24 Antenna Left Side P o s i t i o n  Monitor 
25 Noise Generator Diode Current 
26 Noise Generator Oven Temperature 
27 Tumble Axis Aspect Pho toce l l  
28 S p i n  Axis Aspect Photoce l l  
29 +9 v o l t  VCO Power Monitor 
30 Antenna Power Monitor 

Antenna Bridge Output (Cross-s t rap t o  2 )  

0.75 Me Radiometer Audio Output 
1.225 Me Radiometer Audio Output 
2.00 Me Radiometer Audio Output 

5 .  TRANSMITTER AND RF POWER AMPLIFIER 

The dec is ion  t o  f l y  a t r ansmi t t e r  followed by an  RF ampl i f i e r  with an out-  
pu t  of 10 watts was a r r ived  a t  a f t e r  d iscuss ion  with t h e  te lemeter ing  group a t  
t h e  NASA Goddard Space F l igh t  Center. A t  t h e  t ime, t h e r e  was some quest ion 
regarding t h e  wisdom of  having only 2 watts of rad ia ted  power. 
t h e r e  was no information what so ever on s a t i s f a c t o r y  rocket-borne te lemeter ing  
antennas f o r  t h e  Journeyman D - 8  vehicle .  
from Wallops I s l and ,  Vi rg in ia .  Calculat ion showed t h a t  f o r  a rocket  antenna 
with an  i s o t r o p i c  r a d i a t i o n  p a t t e r n ,  a ground s t a t i o n  antenna wi th  15 db ga in  

Furthermore, 

This rocket  had never been f i r e d  
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and a rece iver  w i t h  a noise f i g u r e  of 4 db,  t h e  poorest  s igna l - to-noise  r a t i o  
would be  approximately a t  apogee where t h e  margin of s a f e t y  would be 12.6 db 
f o r  2 watts of rad ia ted  power. Since t h e  rocket  antenna could e a s i l y  have 
p a t t e r n  asymmetries of  6 db o r  more, it was decided t o  t ransmi t  a t  t h e  10 w a t t  
l e v e l .  Calculat ions a l s o  ind ica ted  tha t  te lemeter ing  s i g n a l s  during t h e  las t  
100 miles of a l t i t u d e  on t h e  down l e g  of t h e  t r a j e c t o r y  would not be received 
because of horizon c u t - o f f .  It was the re fo re  requested t h a t  t h e  NASA Bermuda 
t r ack ing  s t a t i o n  be opera t iona l  so t h a t  t h e  da t a  obtained during t h e  iono- 
sphere bottom-side breakthrough could be recovered - 

The te lemeter ing t r a n s m i t t e r  s e l ec t ed  f o r  t h i s  payload i s  an EMR Model 
121C-28-240.2 Quartz-Line-Controlled t r u e  FM t r a n s m i t t e r ,  opera t ing  a t  240.2 
Me. It has a measured output of s l i g h t l y  less than 2 watts i n t o  a 50 ohm 
load and a nominal c a r r i e r  devia t ion  of ?la kc .  I t s  spurious output  i e  a t  
least  60 db down with respec t  t o  t h e  c a r r i e r .  
requirements a r e  27.5 v o l t s  a t  150 m a  
f o r  t he  p l a t e  supply. The t r a n s m i t t e r  output  i s  fed d i r e c t l y  i n t o  a United 
Electrodynamics type PA-10 RP power ampl i f i e r .  
preference t o  a n  EMR type because i t s  B+ voltage requirement i s  t h e  same as 
t h e  t r ansmi t t e r .  
10 watts i n t o  a 50 ohm load when dr iven  by a nominal 2 watt t ransmi t te r .  
a c t u a l  pre- takeoff  power output  was measured as 8.6 watts. Input  and output  
impedance i s  50 ohms, The 
f i lament  power required i s  2Te5 v o l t s  a t  200 m a  and p l a t e  power i s  200 v o l t s  
a t  90 ma..  

It weighs 23 ounces and power 
f o r  f i l aments  and 200 v o l t s  a t  65 ma 

This ampl i f i e r  w a s  chosen i n  

The measured power output  of t h i s  ampl i f i e r  i s  a nominal 
The 

bandwidth i s  4 Mc and o v e r a l l  e f f i c i e n c y  i s  25$. 

The 200 v o l t  DC t o  Dc conver te r ,  i t s  p re - r egu la to r ,  t h e  t r a n s m i t t e r  and 
i t s  power ampl i f ie r  are a l l  i n s t a l l e d  i n  a pressur ized  conta iner  t o  assist  i n  
heat t r a n s f e r  and preclude t h e  p o s s i b i l i t y  of RF vol tage breakdown. The com- 
p l e t e  package weigh6 8.2i pounds and i s  mounted a t  t h e  t op  of the  payload. 
a l s o  serves  as  a support  f o r  t he  te lemeter ing  antenna mounted above i t .  Con- 
s t r u c t i o n  d e t a i l s  are shown i n  Figures  43 and 44. 

It 

6, TELEMETERTNG AIITENNA 

Tdeal ly ,  t h e  telernetering antenna r a d i a t i o n  p a t t e r n  should be symmetrical 
about t he  payload sp in  a x i s ,  and have i t s  major lobe d i r ec t ed  t o  t h e  rear of 
t h e  veh ic l e .  Some power should be rad ia ted  forward however, so t h a t  s i g n a l  
recept ion w i l l  be assured i f  t he  payload tumbles a f t e r  rocket burnout and nose 
cone e j e c t i o n .  I n  a d d i t i o n ,  s ince  t h e  p r o t e c t i v e  f i b e r g l a s  nose cone i s  
e j e c t e d ,  t h e  antenna must b e  mounted beneath t h e  nose cone and capable of r ad ia -  
t i n g  during the powered po r t ion  of t h e  f l i g h t .  The antenna must be mounted as 
fa r  away from t h e  r ad io  astronomy antenna as poss ib l e  t o  minimize t h e  t r a n s f e r  
of  te lemeter ing power i n t o  the radiometers and antenna br idge,  Since t h e  ve- 
h i c l e  sp in  s t a b i l i t y  i s  improved i f  t h e  r ad io  astronomy antenna i s  mounted a t  
t h e  base of t h e  payload,  t h e  te lemeter ing a n t e n n a  must be  located a t  t h e  t o p  
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of t h e  payload where t h e  nose cone diameter i s  reduced. This i n  t u r n  requi res  

t h e  rad io  astronomy a n t e n n a s  between t h e  te lemeter ing  antenna and t h e  ground 
rece iv ing  s t a t i o n s .  

- t he  use of  a deployment scheme f o r  t h e  te lemeter ing antenna and a l s o  in te rposes  

A s  a r e s u l t  of t h e  above c r i t e r i a  i t  was necessary t o  undertake a develop- 
m e n t  program t o  s e l e c t  a s u i t a b l e  antenna. Severa l  b a s i c a l l y  d i f f e r e n t  antenna 
designs were constructed and r a d i a t i o n  pa t t e rns  were measured on a f u l l  s i ze  
mock-up of t h e  payload with t h e  rad io  astronomy antennas i n  p lace .  The design 
f i n a l l y  chosen i s  a modified t u r n s t i l e  antenna shown i n  Figure 45. A normal 
t u r n s t i l e  i s  simply a p a i r  of d ipoles  posi t ioned perpendicular  t o  each o t h e r  and 
dr iven  90" out  of phase.  
posi t ioned every 90" around a n  8 inch diameter cy l inde r .  
90" from t h e  ad jo in ing  monopole, with the phase increas ing  f o r  each element counter-  
clockwise as viewed from t h e  t a i l  of  rocket .  This s e l e c t i o n  of e l e c t r i c a l  phasing 
produces right-hand c i r c u l a r  po la r i za t ion .  
t h e  phasing network. 

The modified t u r n s t i l e  shown here  c o n s i s t s  of 4 monopoles 
Each monopole i s  phased 

Figures  46 and 47, i l l u s t r a t e  d e t a i l s  of 

Each monopole i s  approximately A / 4  long. The length i s  trimmed u n t i l  t h e  real  
p a r t  of t h e  monopole impedance equals  t he  70 ohm impedance of t h e  phasing harness .  
A t  t h e  output  of t h e  summing junc t ion ,  a s ing le-s tub  matching cable  i s  used t o  
t ransform t h e  impedance t o  30 ohms. 

The monopoles are fabr ica ted  of s i l v e r  p l a t ed  10 m i l  tempered beryl l ium 
copper s t r i p s ,  with a s l i g h t  upward concavity,  perpendicular  t o  t h e  long dimension. 
This shape i s  similar t o  t h a t  used i n  f l e x i b l e  s t e e l  t ape  measuring r u l e s .  

Nose cone e j e c t i o n  i n i t i a t e s  te lemeter lng antenna deployment by means of t h e  
assembly shown i n  Figure 48. 
t h e  monopole t i p s  are folded upward and secured under a phenol ic  plug.  
held i n  p l a c e  temporar i ly  by a long threaded rod. The rod p r o j e c t s  through t h e  
c e n t r a l  ho le  i n  t h e  nose cone e j e c t i o n  spr ing assembly as t h e  nose cone i s  lowered 
i n  p l ace  over  t h e  payload. I n  t h i s  pos i t i on  t h e  monopole t i p s  are pressed aga ins t  
contac ts  on t h e  inne r  sur face  of t h e  plug support .  
ohm te rmina t ing  r e s i s t o r s  t o  t h e  ends of t h e  monopoles so t h a t  t h e  FP power ampli- 
f i e r  remains terminated with 50 ohms l 2 0 k  when t h e  te lemeter ing  antenna i s  unde- 
ployed. I n  t h i s  p o s i t i o n  t h e  r a d i a t i o n  p a t t e r n  i s  not i d e a l ,  but it i s  adequate 
f o r  t h e  i n i t i a l  po r t ion  of t h e  f l i g h t .  Af t e r  t h e  e j e c t i o n  spr ing assembly i s  
cocked and seated properly on top  of the  phenol ic  p lug ,  t h e  long threaded rod can 
be unscrewed and removed. During nose cone e j e c t i o n ,  t h e  spr ing  loaded phenolic 
p lug  i s  re leased  and a l s o  e j e c t s .  A s  soon as t h e  nose cone c l e a r s  t he  top  of t h e  
payload, t h e  te lemeter ing  monopoles spr ing i n t o  t h e i r  s t a b l e  p o s i t i o n  which i s  a 
plane perpendicular  t o  t h e  payload sp in  a x i s .  Release of t h e  phenol ic  plug a l s o  
a c t u a t e s  a switch which s i g n a l s  nose cone e j e c t i o n  via t h e  te lemeter ing  system. 

When t h e  nose cone i s  t o  be i n s t a l l e d  on t h e  payload, 
The plug i s  

The 4 contac ts  connect 1500 

Measured r a d i a t i o n  p a t t e r n s  obtained from a f u l l - s c a l e  model of t h e  payload 
with r a d i o  astronomy antennas deployed a r e  shown i n .  F igures  49, 50 and ?lo 



Since t h e  antenna t e s t  range used was l e s s  than  i d e a l ,  t h e  p a t t e r n s  and magni- 
tudes  shown are probably not p r e c i s e l y  c o r r e c t .  
var ious  antennas however t o  provide reasonable confidence i n  t h e  r e s u l t s .  On 
each p o l a r  pa t t e rn ,  t h e  0 db po in t  corresponds t o  t h e  s i g n a l  received from a 
h/2 d ipo le  antenna t r a n s m i t t i n g  an equal amount of power. 
1800 corresponds t o  recept ion  of t h e  s i g n a l  by a ground s t a t i o n  looking up at 
t h e  t a i l  of t he  rocket.  As viewed from t h e  ground, t h e  t r ansmi t t ed  s i g n a l  i s  
right-hand c i r c u l a r l y  polar ized  which complies wi th  t h e  standard p o l a r i z a t i o n  
of most ground s t a t i o n  h e l i c a l  antennas. It i s  of i n t e r e s t  t o  note  t h a t  many 
of t h e  n u l l s ,  p a r t i c u l a r l y  i n  t h e  forward d i r e c t i o n  of t h e  r i g h t  c i r c u l a r  
po lar ized  pa t t e rn ,  a r e  f i l l e d  i n  when viewed wi th  a le f t -hand  polar ized  ground 
s t a t i o n  he l ix .  Because of t h i s  f a c t ,  a left-hand h e l i x  i s  used t o  feed a sepa- 
r a t e  te lemeter ing  r ece ive r .  This precludes d a t a  l o s s  i n  case t h e  rocket tumbles 
and p resen t s  low s i g n a l  l e v e l s  t o  t h e  right-hand h e l i x .  

Enough work w a s  done with 

On t h e s e  p l o t s ,  



POWER SUPPLIES 

1. BATTERIES 

The primary power f o r  a l l  port ions of t h i s  experiment i s  supplied by 
33 type HR-5 Yardney S i l v e r c e l s .  Ten of the  c e l l s  a r e  connected i n  s e r i e s  t o  
form a +14 v o l t  b a t t e r y  and t h e  remaining 23 a r e  connected i n  s e r i e s  t o  form 
a -32 v o l t  b a t t e r y .  The +14 vo l t  b a t t e r y  i s  a l s o  tapped a t  approximately +7 
v o l t s .  Each c e l l  i s  ra ted  a t  5 ampere hours a t  75'F which allows a m i n i m u m  
s a f e t y  f a c t o r  of 2 f o r  t he  period of a normal rocket f l i g h t  of approximately 
30 minutes. The choice of t hese  voltages and capac i t i e s  i s  d i c t a t ed  by the  
need f o r  high r e l i a b i l i t y  i n  t h e  power suppl ies .  A t  l e a s t  one c e l l  i n  each 
b a t t e r y  can be completely discharged, forced t o  reverse  i t s  p o l a r i t y ,  and be- 
g in  charging i n  t he  opposite d i r e c t i o n  without a f f e c t i n g  normal payload opera- 
t i o n .  
impossible t o  exac t ly  balance the  t o t a l  load between each b a t t e r y .  

The +14 v o l t  b a t t e r y  has a somewhat g r e a t e r  s a f e t y  f a c t o r  because it i s  

These c e l l s  a r e  f r e e l y  vented t o  t h e i r  surroundings and thus  not p ro tec t ed  
from t he  vacuum which e x i s t s  during f l i g h t  i n  the  unpressurized nose-cone. 
Experiments have shown t h a t  although t h e  b a t t e r y  e l e c t r o l y t e  does b o i l  during 
simulated space f l i g h t ,  t he  e l e c t r o l y t e  loss i n  30 minutes i s  not excessive.  
The payload t e s t  and environmental program ( T .  and E . )  however o f t en  requi res  
a number of hours i n  a hard vacuum. For t h i s  reason, i t  i s  necessary t o  enclose 
t h e  b a t t e r i e s  i n  t he  pressurized container  shown i n  Figure 5 2 .  This adds 7 
pounds t o  the  t o t a l  b a t t e r y  and hold-down hardware weight of 18 pounds. 

One f u r t h e r  considerat ion involved i n  t he  use of s i l ve r - z inc  c e l l s  i s  t h e  
v a r i a t i o n  i n  t e rmina l  vol tage during b a t t e r y  charge and discharge.  
charge te rmina l  vol tage of a f u l l y  charged c e l l  i s  2.0 v o l t s  a t  75'F. 
vol tage increases  somewhat i f  the c e l l  i s  cold and  decreases when the  c e l l  i s  
h o t .  When a c e l l  i s  discharging a t  the 1 hour r a t e  ( i . e . , 5  amperes), t he  
te rmina l  vol tage a t  the  50% discharge poin t  i s  1 . 4  v o l t s .  I f  t he  c e l l  i s  co ld ,  
t h e  vol tage i s  even lower and  v ice  versa.  This means t h a t  t he  negative b a t t e r y  
can vary from -32 v o l t s  t o  -46 vo l t s  a t  room temperature.  I f  the  b a t t e r y  i s  
cold,  t h e  vol tage range w i l l  be even g r e a t e r .  The p o s i t i v e  b a t t e r y  va r i e s  from 
+20 v o l t s  t o  +14 v o l t s .  This va r i a t ion  of more than 40% i n  terminal  vol tage 
must be we l l  t o l e ra t ed  by a l l  c i r c u i t s  supplied d i r e c t l y  or i n d i r e c t l y  by the  
primary b a t t e r i e s .  

The t r i c k l e  
This 

2. DC TO DC CONVERTERS 

Two DC t o  Dc t r a n s i s t o r i z e d  converters a r e  used i n  t h i s  experiment. One, 
a 200 v o l t ,  200 milliampere converter,  shown i n  Figure 57 suppl ies  B+ power t o  



t h e  te lemeter ing t r a n s m i t t e r  and t h e  te lemeter ing RF power ampl i f i e r .  The 
second converter ,  a 235 v o l t ,  200 milliampere u n i t  shown i n  Figure 53 suppl ies  
power t o  the  +l3O v o l t  and the  +200 vo l t  r egu la to r s  f o r  r ece ive r  a n d  preamp- 
l i f i e r  B+, respec t ive ly .  Both converters  a r e  conventional comm3n emi t t e r  eatu- 
r a t i n g  core type power mul t iv ib ra to r s .  The switching r a t e  f o r  both u n i t s  i s  
approximately 3 .5 k i locyc le s .  Input cu r ren t s  f o r  t h e  t r a n s m i t t e r  and  rece iver  
converter  a re  1 . 4  a n d  1 .3  amperes r e spec t ive ly .  

It was known t h a t  t h i s  type of converter  i s  capable of generat ing a con- 
s ide rab le  amount of pulse  type RF noise so c a r e f u l  a t t e n t i o n  was paid t o  the  
converter  input f i l t e r i n g .  I n  add i t ion  t o  the  converter  pre- regula tors  d i s -  
cussed below, a d d i t i o n a l  f i l t e r i n g  was a l s o  required i n  two -32 vo l t  supply 
l i n e s  before  the  in t e r f e rence  i n  t h e  radiometer output became undetectable .  
Proper methods of grounding t o  avoid ground loops and induct ive paths  a l s o  
proved t o  be important.  

Construction d e t a i l s  of t h e  +235 vo l t  radiometer converter  a r e  shown i n  
Figure 54. 
te lemeter ing  transmitter conta iner  shown i n  Figure 55.  

The +200 v o l t  t r a n s m i t t e r  converter  i s  mounted i n  t h e  pressurized 

3 .  REGULATORS 

The e ight  power supply r egu la to r s  used f a l l  i n t o  3 ca t egor i e s .  One simple 
uncompensated Zener diode i s  used f o r  regula t ion  of t he  supply t o  t h e  br idge 
o s c i l l a t o r .  Three Zener diode biased emi t t e r  fol lower preregula tors  a r e  used 
f o r  t h e  t r ansmi t t e r  Dc t o  E conver te r ,  t h e  t r a n s m i t t e r  f i l aments  and t h e  radiom- 
e t e r  DC t o  DC conver te r .  And f i n a l l y ,  t h e r e  a r e  fou r  h ighly  compensated s e r i e s  
pass transistor regula tors  f o r  t he  radiometer f i laments ,  p reampl i f ie r  B+, r ece ive r  
B+ and t h e  +9 vo l t  VCO power. 

The pre- regula tors  shown i n  Figures 5 6 ,  57 and 58 a r e  used t o  reduce t h e  
b a t t e r y  supply vol tage v a r i a t i o n s  and  decouple t h e  converter  noise from the  main  
b a t t e r y  l i n e s .  The Zener diodes used i n  t hese  r egu la to r s  a r e  se l ec t ed  t o  achieve 
the  des i red  input vol tage t o  t h e i r  respec t ive  loads .  The t r a n s m i t t e r  p re regu la to r  
i s  located ins ide  t h e  te lemeter ing  t r a n s m i t t e r  conta iner  t o  minimize the  r a d i a t i o n  
of converter  noise pulses  and take  advantage of t he  convective cool ing afforded by 
the  a i r  in s ide  t h e  pressur ized  conta iner .  

Filament and p l a t e  power for t h e  t h r e e  radiometers must be we l l  regulated i f  
With a poss ib l e  v a r i a t i o n  of 40$ i n  the  b a t -  s t a b l e  operat ion i s  t o  be achieved. 

t e r y  supply voltage,  t he  use of r egu la to r s  with high i n t e r n a l  loop ga in  i s  r e -  
quired.  Figure 59 shows the  -23 v o l t ,  1.5 ampere radiometer f i lament  r egu la to r .  
T rans i s to r s  T 1  and T 2  a r e  pa ra l l e l ed  s e r i e s  passing elements used t o  drop the  
input  vol tage the required amount. 
a po r t ion  of the input vo l tage .  
viding s u f f i c i e n t  current  ga in  t o  d r i v e  t h e  bases of T1 and  T2. 

Res i s to r s  R 1  and R2 a l s o  assist  i n  dropping 
T 3  and T4 a r e  cascaded e m i t t e r  fol lowers  pro- 

The e r r o r  
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ampl i f i e r ,  T 5  compares a f r a c t i o n  of the output  vol tage with the  reference 
Zener diode Dz voltage,  a n d  ampl i f ies  t h i s  d i f f e rence .  Resist2r R12 app l i e s  
a n  e r r o r  s i g n a l  d i r e c t l y  from the  input t o  improve the  compensation of input  
vol tage v a r i a t i o n s .  
amount of  pos i t i ve  temperature coe f f i c i en t  r e s i s t ance  t o  Rs. 
ance of t h i s  r egu la to r  i s  as f2llows: 

Temperature compensation i s  e f f ec t ed  byadd inga  s u f f i c i e n t  
Typical  perform- 

1. The output vol tage i s  reduced by 1 mv f o r  each 20 m a  
increase  i n  cu r ren t .  This i s  an equivalent  output impedance 
of 0.05 ohm. F u l l  load current  i s  1.5 amperes. 

2. The output vol tage changes l e s s  than 6 mv f o r  each 1 vo l t  
change i n  t h e  input  vol tage.  

3. For a constant  input  vol tage,  t h e  output vol tage changes l e s s  
than  10 mv between 40°F and 120°F ambient temperature.  
s t r u c t i o n  d e t a i l s  of t h i s  regula tor  a r e  shown i n  Figure 60. 

Con- 

Both B+ r egu la to r s  a r e  very similar i n  design as shown i n  Figure 61. Both 
rece ive  t h e i r  input power from t h e  +235 v o l t  radiometer conver te r  which has a 
f a i r l y  constant  ou tpu tvo l t age  because of i t s  p re regu la to r  input .  T rans i s to r  T1 
i s  t h e  s e r i e s  passing element dr iven  by t h e  emi t t e r  fol lower connected t r a n s i s t o r  
T2. The e r r o r  ampl i f ie r ,  T4, compares a f r a c t i o n  of t h e  output vol tage wi th  t h e  
reference Zener diode D6 voltage and amplif ies  t h e  d i f f e rence .  Addit ional  v o l t -  
age ampl i f ica t ion  i s  obtained from T3. 
voltage.  
a t  t h e  input  of t h e  +l3O v o l t  regula tor  only. 

Diode D2 p r o t e c t s  T1 from acc iden ta l  over- 
One d i f f e rence  i s  t h e  use of a power Zener diode D1 used t o  drop 70 v o l t s  

The ampl i f ie rs  i n  each B+ regula tor  have t h e  same opera t ing  vol tages  when 
re fer red  t o  t h e  p o s i t i v e  p o l a r i t y  s ide  of  t h e  r egu la to r  output .  
d iv ide r  r a t i o  and dropping r e s i s t o r s  R5 a n d  R6 f o r  t h e  Z e n e r  diodes have t h e  
values as indicated f o r  t h e  +130 and +200 vo l t  opera t ion .  Each regula tor  w i l l  
supply a t  l e a s t  a 70 m a  load. Temperature compensation i s  done with R e  i n  t h e  
manner described f o r  t h e  -25 v o l t  f i lament r egu la to r .  

The e r r o r  

Typical  performance of t h i s  regula tor  type i s  as fol lows:  

1. Less than 10 mv change i n  output occurs from no load t o  f u l l  
load of 70 m a .  This i s  an output impedance of 0 .14 ohm. 

2. The output vol tage changes less  than 0 . 5  mv p e r  v o l t  of input 
change. 

3 .  For a constant  input  vol tage,  t h e  output changes less  than 
50 mv between 40°F and 120°F. 

Figure 62 i s  a photograph of t he  B+ r egu la to r .  



. 

The +9 vol t  r egu la to r  shown i n  Figure 63 i s  a low vol tage vers ion of t he  
I t s  c h a r a c t e r i s t i c s  B+ regula tors  and i t s  e l e c t r o n i c  performance i s  similar.  

a r e  as fol lows:  

1. The output vol tage v a r i e s  l e s s  than 10 mv from no load t o  
f u l l  load of 100 m a .  I t s  output impedance i s  l e s s  t h a n  0 .1  ohm. 

2 .  The output changes l e s s  than 1 mv per  vo l t  of input  change. 

3 .  For a constant  input  vol tage,  t he  output v a r i e s  l e s s  than 
10 mv between 40°F and  120'F. 

This c i r c u i t  board i s  shown i n  Figure 64. 



NASA ACCEIXROIC3TER PACKAGE 

As a r e s u l t  of p r i o r  vehic le  i n - f l i g h t  performance malfunctions,  t h e  
Vehicles Sect ion of NASA Goddard Space F l igh t  Center required t h a t  an 
accelerometer  or ien ted  t o  measure acce le ra t ion  along t h e  t h r u s t  a x i s  be i n -  
corporated i n  t h e  payload. The accelerometer package including a vol tage 
r e g u l a t o r  and a VCO was supplied by GSFC. The u n i t  weighed 1.5 pounds and 
was furnished fused power from t h e  +9 v o l t  r egu la to r .  The VCO was a l s o  i n -  
f l i g h t  c a l i b r a t e d  and input  s i g n a l  l imited along with t h e  o t h e r  V C O ' s .  



INSTRUMENTATION SYSTEM 

1. REMOTE CONTROL AND INTERCONNECTIONS 

Remote con t ro l  of  t h e  complete system i s  accomplished with a nine w i r e  

B a t t e r i e s  can be monitored and charged, 
pu l l -o f f  plug cable  between the  payload and a remote con t ro l  box which can 
be located more than 300 feetaway. 
a l l  equipment can be turned on and o f f  a n d  checked f o r  proper  opera t ion  with- 
out access to  the  payload. This i s  a g rea t  convenience during t h e  f i r i n g  
count-down because any ope ra t iona l  delays can be managed without d i f f i c u l t y .  
Normally, t he  t o t a l  payload power requirements are supplied e x t e r n a l l y  u n t i l  
j u s t  before  rocket f i r i n g ,  a t  which t i m e  t he  system i s  switched t o  i n t e r n a l  
b a t t e r y  power and t h e  pu l l -o f f  plug i s  removed. 

Three Led e x  s t epp i ng s w  i t c he s de s i g  nat  ed R e  c e ive  r "Transmi t  t e r " and 
"Monitor" i n  Figure 717 execute all remote c o n t r o l  and monitor func t ions .  
can be energized only by switched e x t e r n a l  power from t h e  remote con t ro l  box 
shown i n  Figure 66. 
and the  payload interconnect ions shown on Figure 65. 
m i t t e r  cont ro l  Ledexes are wired as 6-pos i t ion  switches.  
wired as a 12-posi t ion switch.  The func t ions  performed by these  switches a r e  
summarized i n  Table I V .  

They 

The con t ro l  box i s  connected v i a  t h e  pu l l -o f f  plug cable  
Both r ece ive r  and t r a n s -  

The monitor Ledex i s  

The monitor Ledex output i s  connected t o  vol tmeter  M1 i n  t h e  c o n t r o l  
box. The meter reading f o r  normal opera t ion  i s  known by t h e  remote c o n t r o l  
opera tor  and thus  any poss ib le  malfunctions can be noted and diagnosed. 
monitor Ledex has a separa te  meter M 2  t h a t  i n d i c a t e s  which monitor Ledex pos i -  
t i o n  has been s e l e c t e d .  

The 

The o ther  two meters M3 and M 4  i n d i c a t e  t h e  -32 v o l t  and +14 v o l t  e x t e r n a l  
This cu r ren t  i s  furnished by inde- supply current  t o  the  payload a t  a l l  times. 

pendently cont ro l lab le  power suppl ies  e x t e r n a l  t o  t h e  con t ro l  box. Merely by 
ad jus t ing  these supp l i e s ,  a l l  o r  any in te rmedia te  l e v e l  of e x t e r n a l  power can 
be metered t o  t h e  payload. 

Provision i s  a l s o  made t o  continuously monitor t h e  r ece ive r  deck tempera- 
t u r e  so t h a t  during long ope ra t iona i  holds  i n  t h e  rocket  f i r i n g  count-down, it 
i s  poss ib l e  t o  monitor t h e  payload temperature r ise .  The temperature r i s e  i s  
caused by the d i s s i p a t i o n  of approximately 230 watts i n  t h e  payload when t h e  
b a t t e r i e s  a r e  f u l l y  charged and a l l  power i s  supplied ex te rna l ly .  During f l i g h t  
t h e  d i s s ipa t ion  drops t o  approximately 160 watts. The payload normally has 
enough thermal capac i ty  t o  l i m i t  t h e  temperature rise t o  a s a t i s f a c t o r y  degree.  
The f ibe rg la s  nose cone i s  a n  exce l l en t  t h e r m 1  i n s u l a t o r  however so t h a t  
f u l l  power Operation p r i o r  t o  take  of f  cannot be maintained i n d e f i n i t e l y .  The 
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Function Posit ion 

A. Receiver Control Ledex Functions 

1 
2 

3 
4 
5 

6 

1 
2 
3 
4 

5 
6 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 

a 

B. 

OFF 
A l l  radiometer filaments ON 
Noise generator oven ON 
+9 volt regulator ON 
Receiver +l3O volt B+ ON 
Preamplifier +200 volt B+ ON 
Sequence timer ON 
Bridge power ON 
Noise generator oven OFF 
Fly position 

Transmitter Control Ledex Functions 

OFF 
Transmitter and RF amplifier filaments ON 
Transmitter B+ ON 
VCO power ON 
Regulated t 9  volt switched ON 
Commutator motor ON 
Fly position 

C. Monitor Ledex Functions 

-32 volt battery monitor 
Transmitter control Ledex position 
0.75 Mc receiver No. 1 /eo dt 
1.225 Mc receiver No. 2 leo dt 
2.00 Mc receiver No. 3 /eo dt 
Regulated t200 volt monitor 
Regulated t l 3 O  volt monitor 
Regulated t9 volt monitor 
Antenna bridge output 
+14 volt battery monitor 
Receiver control Ledex position 
Master ON (fly) position 
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normal procedure i s  t o  r e t u r n  t o  p o s i t i o n  No. 2 on the  con t ro l  Ledexes u n t i l  
t h e  f i r i n g  count-down i s  resumed. This condi t ion  can be maintained as long as 
i s  necessary.  

P r i o r  t o  removal of t he  pul l -of f  plug before  take  o f f ,  it i s  mandatory t h a t  
a l l  c o n t r o l  c i r c u i t s  be s e t  up proper ly .  The r ece ive r  and t r a n s m i t t e r  Ledexes 
must be i n  pos i t i on  6 and t h e  monitor Ledex must be i n  pos i ton  12. 
poss ib le  t o  acc iden ta l ly  pos i t i on  these  Ledexes i n  t he  wrong p o s i t i o n  a s a f e t y  
provis ion has been incorporated i n  t h e  Ledex c i r c u i t  wir ing.  
on each Ledex c loses  only when t h e  Ledex i s  i n  t he  " f ly"  p o s i t i o n .  
a r e  wired i n  s e r i e s  with a supply vol tage t o  t h e  monitor Ledex p o s i t i o n  12. 
t he  opera tor  observes a n  up-scale reading on t h e  monitor output meter M1, i n  
pos i t i on  12, he can be assured t h a t  a l l  c o n t r o l  Ledexes are proper ly  s e t .  

Since it i s  

One switch sec t ion  
A l l  c i r c u i t s  

If 

Because it has  been reported t h a t  pu l l -o f f  plugs are occas iona l ly  damaged 
during pul l -off  j u s t  p r i o r  t o  vehic le  l i f t - o f f ,  t h i s  p o s s i b i l i t y  must be guarded 
aga ins t .  
c i r c u i t s  between p ins  o r  t o  ground, without a f f e c t i n g  any po r t ion  of  t he  system. 
This i s  accomplished by p lac ing  diodes i n  series with the  two b a t t e r y  charging 
l i n e s .  Placing a ground on e i t h e r  l i n e  a t  t h e  pu l l -o f f  plug merely reverse  
b iases  t h e  diode and no cur ren t  can flow. The o t h e r  l i n e s  with vol tage present  
a r e  t h e  monitor Ledex p o s i t i o n  and output c i r c u i t s .  I n  each case,  a l a rge  series 
r e s i s t o r  i n  the l i n e s  prevents  excessive cur ren t  flow. 

I n  t h i s  design,  t h e  pu l l -o f f  plug can s u f f e r  any combination of sho r t  

Location and interconnect ions of a l l  subsect ions of t he  payload a r e  shown 
i n  Figures 65 and 67. 
of t h e  instrumentation rack. It i s  mounted on top  of t h e  drum-shaped nose-cone 
extension tube shown a t  t he  bottom of Figure 67. The extension sec t ion  i n  t u r n  
i s  bol ted t o  the t h r u s t  face of t h e  four th  s t age  rocket motor. The extension 
sec t ion  contains  b a t t e r i e s  and t imers  used t o  a c t u a t e  the  nose cone r e l ease  a n d  
vehicle  despin mechanisms. A p lan  view of t h e  loca t ion  of a l l  major assemblies 
i s  shown t o  the l e f t  of t he  interconnect ions f o r  each deck. Each te rmina l  shown 
i n  a box i s  access ib le  f o r  disconnect o r  check. The number on each l i n e  t o  each 
terminal  r e f e r s  t o  t h e  o r i g i n  o r  d e s t i n a t i o n  of t h a t  l i n e .  There are two m a i n  
v e r t i c a l  cable runs (I and 11) with branches a t  each deck. A l l  branches shown 
enclosed by ovals  are laced toge ther .  Coaxial  cab les  a r e  shown only a t  t h e i r  
terminat ion poin ts .  Extensive use i s  made of b a r r i e r  s t r i p  type te rmina ls .  
Although t h i s  adds s l i g h t l y  t o  the  o v e r a l l  payload weight, the  problems of 
t e s t i n g ,  in te r fe rence  t r a c i n g ,  c a l i b r a t i o n  and t roub le  shooting a r e  g r e a t l y  
minimized. Wiring used throughout i s  s i l v e r  p la ted  , high s t rand count , with 
s p i r a l  wrapped t e f l o n  i n s u l a t i o n .  

The "A" deck shown a t  t h e  top  of Figure 65 i s  t h e  base 

2. MECHANICAL DETAILS 

Figure 68 i s  a sca l e  drawing of t h e  instrumentat ion rack s t r u c t u r e .  It 
i s  fabr ica ted  of magnesium p l a t e s  a n d  hollow tube v e r t i c a l  members, most of 



which are h e l i a r c  welded i n  p lace .  One pos t  between the  B and C deck i s  
removable and the  D deck i s  completely bol ted i n  p lace .  This cons t ruc t ion  
technique requi res  t h a t  a l l  mounting holes i n  decks A and B be completed 
before  welding. Additions o r  modifications a r e  d i f f i c u l t ,  but not impossible,  
because the  space between p l a t e s  A,B, and C does permit the  e n t r y  and use of 
hand t o o l s .  

A 0.042 inch t h i c k  aluminum outer  sk in  i s  bol ted t o  each deck with 24 
f la t -head  screws. This forms a s t ressed skin cons t ruc t ion  which i s  very s t i f f .  
Ear ly  tes ts  with a payload rack which used smaller  diameter so l id  v e r t i c a l  
members which were bol ted i n  place i n  a staggered p a t t e r n  and which did not 
use t h e  s t r e s sed  o u t e r  sk in ,  exhibited some very undesicable modes of v ibra-  
t i o n .  The present  s t r u c t u r e  weighs 5 pounds more than the  e a r l y  model, but 
no v i b r a t i o n a l  problems appear t o  e x i s t .  

Placement of subassemblies i s  determined by considerat ion of e l e c t r i c a l ,  
mechanical, a c c e s s i b i l i t y ,  thermal a n d  vehic le  sp in  and balance requirements.  
With t h e  conf igura t ion  f i n a l l y  arr ived a t ,  only 0.8 pounds had t o  be added t o  
comply with t h e  1 ounce s t a t i c  and 20 ounce inch-squared dynamic balance l i m i t s  
f o r  t h e  Argo D-8 vehic le .  

Table V i s  a compilation of payload subassembly and nose cone hardware 
weights.  



TABLE V 

~~~ ~ 

Weight 
Pounds Ounces 

Item 

Instrumentation rack including skin 
(skin only: 

Telemetering transmitter including container 
(pressurized container only: 2 lb, 6 oz) 

Telemetering antenna and phasing cables 
3 radiometer receivers 
Remote control and VCO assembly 
Sequence timer 
Radiometer DC-DC converter 
-25 v filament regulator 
+200 v B+ preamplifier regulator 
+l3O v B+ receiver regulator 
Telemetering filament preregulator 
VCO calibration batteries 
Radiometer DC-DC converter preregulator 
Silvercell batteries and container 

2 radio astronomy antennas and mounts 
Random noise generator, oven, and transformer 
Preamplifier first stage, antenna switch, 

Preamplifier second stage 
Plugs, cable harness, filters, etc. 
Balance weight 
NASA accelerometer 
Outer nose cone with thermo lag coating 
Nose cone locking ring and despin weights 
Extension section including wiring 

Total payload at takeoff 

2 lb, 6 oz) 

(pressurized container only: 7 lb, 0 oz) 

and bridge 

29 

a 
3 
5 
5 
2 
2 
0 
0 
0 
0 
0 
0 

18 
4 
1 

2 
0 
6 
0 
1 

31 
7 
9 

145 lb 

8 

11 
11 
1 
7 
6 
9 

15 
13 
1 3  

3 
5 
3 

3 
9 
6 

a 
15 
4 

13 
5 
5 

10 
10 
1 oz 



ROCKET DESCRIPTION AND PmDICTED PERFORMANCE 

The Argo D - 8  vehic le  shown i n  Figure 69 i s  a four-s tage so l id  pro- 
p e l l a n t  sounding rocket designed t o  be f i r e d  from a zero length launcher.  
The f i rs t  th ree  s t ages  a r e  f i n  s t ab i l i zed  and t h e  fou r th  s tage  i s  spin 
s t a b i l i z e d .  The maximum sp in  r a t e  i s  7 .5  revolu t ions  p e r  second. With a t o t a l  
payload weight of 145 pounds, t he  predicted peak a l t i t u d e  i s  approximately 1300 
m i l e s  f o r  a n  8 3 O  launch angle .  The vehicle  s tag ing  c o n s i s t s  of a f i r s t  s tage  
Sergeant TX 20-6 with two Recruit  XM-19 boos ter  rockets  a t tached t o  t h e  s i d e s .  
The boos ter  rockets  give a high i n i t i a l  acce le ra t ion  t o  bui ld  up the  ve loc i ty  
immediately a f t e r  r e l ease  from t h e  launcher. 
and has a t h r u s t  of 38,000 pounds. 
n i t e s  a f t e r  a 10 second f i r s t  s tage  coast  i n t e r v a l .  The t h i r d  s tage  i s  another  
Lance XM45 rocket .  
r a t e  i s  increased t o  approximately 7 rps f o r  fou r th  s t age  sp in  s t a b i l i z a t i o n .  
The fou r th  s tage  i s  an Al ta i r  X248-A6 which i g n i t e s  a f t e r  a 13 second t h i r d  
s t age  coast  i n t e r v a l .  The X-248 remains a t tached t o  t h e  payload throughout 
t h e  f l i g h t .  
sp in  mechanism i s  deployed. The vehicle sp in  r a t e  i s  reduced by a f a c t o r  of 
about 10 with t h i s  despin technique. 

Each l e c r u i t  burns f o r  1.8 seconds 
The second s t a g e  i s  a Lance XI445 which i g -  

I t s  f i n s  a r e  canted so t h a t  a t  burnout,  t he  vehic le  sp in  

A t  180 seconds the  nose cone i s  spr ing  e jec ted  and  a "yo-yo" de- 

Table V I  p resents  a summary of the rocket predicted performance, and 
sequence of events .  
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PAYLOAD EVIRONMENTAL TEST REQLlREMl3NTS 

It i s  s t a n d a r d  p r a c t i c e  t o  subject  rocket payloads t o  a s e r i e s  of r igorous 
t e s t s  t o  determine func t iona l  r e l i a b i l i t y  of a l l  components and cons t ruc t ion  
techniques.  The f i r s t  payload constructed i s  designated as the  prototype.  It 
i s  subjected t o  environmental r i g o r s  more s t r ingen t  than  those expected for t rans-  
po r t a t ion ,  handling, prelaunch t e s t s ,  launch, boost phase and coas t ing  f l i g h t .  A 
second model designated t h e  f l i g h t  u n i t  i s  subjected t o  tests which demonstrate 
t h e  a b i l i t y  of the  design t o  meet a l l  performance requirements without harmful 
degradat ion a t  t h e  expected f l i g h t  l eve l s .  

The required t e s t  f a c i l i t i e s  ava i lab le  a t  GSFC and t h e  t e s t s  prescr ibed by 
NASA f o r  The Universi ty  of Michigan Radio Astronomy Observatory Cosmic Noise 
Rocket Payload designated NASA 11.02 UR a r e  itemized i n  t he  Appendix. 
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I 

TELEMBTERING GROUND STATION 

A complete te lemeter ing  ground s t a t i o n  has been assembled f o r  t h i s  ex- 
periment.  It provides a means t o  perform p r e - f l i g h t  system checks, i n - f l i g h t  
d a t a  recording, r e a l  t i m e  readout and p o s t - f l i g h t  d a t a  reduct ion.  A photo- 
graph of  t h e  te lemeter ing ground s t a t i o n  set  up i n  t h e  Wallops I s land  Block 
House i s  shown i n  Figure 70. The tape  recorder  rack conta ins  t h e  main items 
of t h e  FM/FM te lemeter ing s t a t i o n .  
i s  a Nems-Clarke Model 1432 phase lock FM r ece ive r .  
EMR Model 167-01 phase lock subca r r i e r  d i sc r imina to r s .  
con t ro l  pane l  i s  below t h e  d iscr imina tors ,  followed by a Nems-Clarke Model 200-3 
spectrum disp lay  u n i t  for t he  FM rece ive r .  The bottom panel  i s  an EMR Model 101-A 
c r y s t a l  reference o s c i l l a t o r  and mixer ampl i f i e r s  f o r  t h e  tape  recorded s u b c a r r i e r  
o s c i l l a t o r  tape speed compensation system. The r i g h t  hand rack conta ins  another  
FM r ece ive r ,  a CMC Model 727A counter ,  a H-P Model 200CD audio o s c i l l a t o r ,  a 
s p e c i a l  70 watt 135 cycle  power ampl i f i e r ,  a NLS Model 484 d i g i t a l  vol tmeter ,  
a Boonton Model 202 FM/FM s i g n a l  genera tor  and a H-P Model lOOD p rec i s ion  f r e -  
quency standard.  Except for t h e  counter  and d i g i t a l  vol tmeter ,  a l l  equipment 
i n  t h e  r i g h t  hand rack p lus  an  antenna preampl i f ie r  not shown was borrowed from 
o t h e r  NASA supported groups a t  The Univers i ty  of  Michigan. To t h e  l e f t  of t h e  
two racks i s  a CEC Model 5-124 d i r e c t  recording osc i l lograph  with seven a c t i v e  
galvanometers for quick readout information. A Tektronix Model 533 osc i l loscope  
f o r  waveform monitoring completes t h e  te lemeter ing  ground s t a t i o n .  To t h e  r i g h t  
on t h e  t a b l e  i s  t he  rocket remote c o n t r o l  box and t h e  two power suppl ies  f o r  pay- 
load b a t t e r y  charging. 

Below t h e  Ampex Model CP-100 t ape  recorder  
Below it i s  a bank of s i x  

An interconnect  and 

For te lemeter ing recept ion  and recording during rocket  f l i g h t ,  t h e  ground 
s t a t i o n  i s  arranged as shown i n  Figure 71. I n  genera l ,  t h i s  i s  t y p i c a l  of a 
high p rec i s ion  system with e x t r a  f e a t u r e s  added t o  optimize i t s  performance f o r  
t h i s  appl ica t ion .  Following s i g n a l  capture  by t h e  right-hand h e l i c a l  antenna 
with a ga in  of 20 db, t h e  s i g n a l  i s  amplif ied by a 33 db ga in ,  5 db noise f i g u r e  
preampl i f ie r  at t h e  antenna s i t e .  The amplif ied s i g n a l  e n t e r s  r ece ive r  No. 1 and 
i s  demodulated. The r e s u l t i n g  composite s u b c a r r i e r  s i g n a l  i s  fed t o  a mixer 
ampl i f i e r  where a p rec i s ion  100 kc s i n e  wave i s  added t o  t h e  s u b c a r r i e r s .  I n t r o -  
duc t ion  of  t h e  100 kc s i g n a l  provides  a re ference  frequency f o r  t h e  tape  speed 
compensation channel which i s  used during t ape  playback. The mixer output  goes 
t o  two d i r e c t  channels on t h e  one inch 7 channel t a p e  recorder .  The d i r e c t  chan- 
ne l s  have a frequency response from 200 cps t o  100 kc a t  a t ape  speed of 30 
inches p e r  second. 
recording t ime. Two channels are used t o  preclude t h e  loss of  d a t a  i f  one chan- 
n e l  f a i l s  during recording.  From Receiver No. 1, t h e  s i g n a l  a l s o  goes t o  t h e  
subca r r i e r  d i scr imina tors  v i a  t h e  r ece ive r  s e l e c t o r  switch.  Each d i sc r imina to r  
has an input  band-pass f i l t e r  t o  s e l e c t  t h e  appropr i a t e  channel as shown. The 

This speed al lows approximately 34 minutes of uninterrupted 
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discr imina tor  output i s  a r e p l i c a  of t h e  corresponding payload te lemeter ing 
input vol tage and  i s  recorded on t h e  d i r e c t  readout recording osc i l lograph .  
Provis ions a r e  a l s o  made t o  record the  discriminated output  on the  FM channels 
of t he  tape  recorder  which have a frequency response from 0 t o  10,000 cycles  
p e r  second. 

The r ece ive r  s i g n a l  s t r eng th  information i s  displayed on a meter a t  t h e  

Signal s t r eng th  from both rece ivers  i s  
antenna loca t ion  so t h a t  t h e  opera tor  can manually t r a c k  t h e  antenna by pos i -  
t i o n i n g  f o r  maximum s i g n a l  s t r eng th .  
a l s o  t ime multiplexed with a 60 cycle  chopper and recorded on a FM t ape  channel. 

Take-off time i s  recorded both on tape and t h e  osc i l lograph .  A t  t ake -o f f ,  
a microswitch on t h e  rocket launcher r a i l  a c t u a t e s .  Relay c i r c u i t s  shown i n  
Figure 72 i n  t h e  ground s t a t i o n  lock on, a n d  key a 10 kc signal t o  t h e  tape  
recorder  and 1 cycle  p e r  second pulses  t o  the  time l i n e  genera tor  i n  t he  os- 
c i l l og raph .  The 10 kc t iming channel a l so  accepts  audio s igna l s  from a micro- 
phone and ampl i f i e r  shown i n  Figure 73 f o r  voice recording before  and  during 
t h e  rocket  f l i g h t .  k r i n g  playback, a f i l t e r  separa tes  t h e  two s igna l s .  

S igna ls  from t h e  lef t -hand h e l i x  are  handled i n  much t h e  same fashion.  
The r ece ive r  s e l e c t o r  switch allows t r a n s f e r  of e i t h e r  r ece ive r  composite s i g -  
n a l  t o  t h e  d iscr imina tor  i npu t s .  Only one tape  channel f o r  d i r e c t  recording i s  
provided f o r  t h i s  s i g n a l  because it i s  not expected t o  be as good as t h a t  from 
t h e  r i g h t  hand h e l i x .  

The o v e r a l l  c i r c u i t  f o r  t h e  te lemeter ing ground s t a t i o n  i s  shown i n  Figure 
Not shown a r e  t h e  c i r c u i t s  used f o r  recording take-off  time and automatic 74. 

th ree - s t ep  c a l i b r a t i o n  of t h e  d i r e c t  (FM) channels of t he  tape recorder .  The 
take-off  c i r c u i t  shown i n  Figure 74 i s  actuated from a normally closed micro- 
switch on t h e  rocket launcher r a i l .  A t  l i f t - o f f ,  t h i s  switch opens and RY1, i s  
d e e n e r g i z e d .  It cannot be energized again u n t i l  t h e  "arm" switch i s  depressed. 
Requiring t h e  take-off  switch t o  open on l i f t - o f f  and arranging t o  lock out the  
r e l a y  provides  a measure of f a i l  s a fe  pro tec t ion .  Because of t h e  loca t ion  of 
t h e  take-off  switch, t h e  wires  a r e  l i k e l y  t o  burn o f f  a t  rocket i g n i t i o n  and thus  
cannot be depended on f o r  cont inui ty .  

Automatic t h ree - s t ep  c a l i b r a t i o n  of t he  t ape  recorder  F M  channels i s  de- 
s i r a b l e  because these  channels do not have playback tape  speed compensation. 
Any d r i f t  caused by speed v a r i a t i o n  cannot be separated from a s i g n a l  l e v e l  
change without r e s o r t  t o  a ca l ib ra t ion  procedure such as t h i s .  Since the  
d i sc r imina to r s  a r e  arranged t o  vary from -2.5 v o l t s  t o  +2.5 v o l t s  f o r  0 t o  +5 
Volt v a r i a t i o n s  i n  t h e  rocket payload, -2.5, 0 and  +2.5 vo l t  c a l i b r a t i o n  setups 
a r e  programmed automatical ly  f o r  two seconds once every two minutes by the  ground 
s t a t i o n  c a l i b r a t o r  c i r c u i t  shown i n  Figure 75. I n  add i t ion  t o  t h e  automatic 
c a l i b r a t i o n  sequence, a manual switch allows a d d i t i o n a l  c a l i b r a t i o n s  t o  be made 
a t  any o t h e r  t ime. This switch does not d i s t u r b  t h e  r egu la r  two minute c a l i b r a -  
t i o n  cyc le .  
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The tape recorder  and  d iscr imina tors  a r e  a l s o  used f o r  tape  playback. 
A s  Figure 74 i n d i c a t e s  t h e  cable  patch panel  i s  arranged t o  t r a n s f e r  t he  
played-back composite s i g n a l  from the  s i g n a l  delay l i n e  i n t o  t h e  d i sc r imina to r s  
f o r  demodulation. I n  t h i s  mode, t h e  70 kc tuning u n i t s  f o r  Channel No. 6 d i s -  
cr iminator  a re  removed and 100 kc u n i t s  a r e  s u b s t i t u t e d .  I f  t he  tape  recorded 
s igna l s  contain any speed va r i a t ions ,  they  appear as s t eady- s t a t e  o f f s e t s  or 
f l u c t u a t i o n s  i n  the  100 kc d iscr imina tor  ou tput .  This e r r o r  s i g n a l  i s  in se r t ed  
a t  the  proper po in t  i n  each of t he  o the r  d i scr imina tors .  
put var ia t ions  due t o  tape  speed changes i s  thus  accomplished. The composite 
s i g n a l  t o  the  100 kc channel does not pass through t h e  s i g n a l  de lay  u n i t .  I n  
t h i s  way, t he  proper time de lay  between the  t ape  speed e r r o r  s i g n a l  and t h e  o t h e r  
d i scr imina tor  ou tputs  i s  maintained. When proper ly  ad jus ted ,  t h i s  technique pro- 
duces a n  improvement of a t  l e a s t  1OO:l i n  t ape  recorder  f l u t t e r  and wow compared 
t o  a n  uncompensated system. 

Cancel la t ion of ou t -  

The 10 kc t iming s i g n a l  which i s  keyed "on" a t  take-off  provides a time 
base f o r  a l l  events t h a t  occur during f l i g h t .  The f i l t e r e d  10 kc waveform 
d r i v e s  a d i g i t a l  counter.  Every 10,000 counts i s  one second of f l i g h t .  I n  
e f f e c t ,  a n  accumulating counter can thus  be used t o  ass ign  a s e r i a l  number t o  
each eve t which then can be uniquely r e l a t e d  t o  t h e  i n s t a n t  of take-of f  wi th in  
+2 x 10- seconds. The osc i l lograph  time l i n e s  perform the  same func t ion  a l -  
though t h e  absolute  magnitude of t h e  unce r t a in ty  i s  somewhat l a r g e r .  

c 

Figure 76 shows a sec t ion  of a t y p i c a l  te lemeter ing  record.  All data i s  
encoded i n  t he  form of osc i l lograph  t r a c e  d e f l e c t i o n s  from the  reference t r a c e s  
a t  t h e  record top  and bottom. The i n - f l i g h t  c a l i b r a t i o n  sequence provides a 
means t o  determine t h e  t r a c e  "zero leve l ' '  and t h e  t r a c e  d e f l e c t i o n  f a c t o r  f o r  
t he  4.04 v o l t  c a l i b r a t i o n  l e v e l .  
derived from the National Bureau of Standards WWV time s i g n a l  a l lows p rec i se  
time reso lu t ion  of a l l  events .  

One second time l i n e s  and  d i g i t a l  time t r a c e  
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TELENETERING DATA RFDUCTION 

Manual data reduct ion from records such as shown i n  Figure 78 i s  very 
ted ious .  Each second of f l i g h t ,  the  t r ace  d e f l e c t i o n  f o r  each channel must 
be sca led ,  corrected f o r  zero l e v e l  and  then  converted t o  a t r u e  vol tage .  I n  
many cases ,  t h i s  procedure must be done as o f t e n  as t e n  t imes a second where 
f i n e  d e t a i l  i n  t he  record i s  important.  On t h e  commutated channel, t h i s  pro- 
cedure must be repeated t h i r t y  t imes a second i f  a complete readout i s  requi red .  

The t r u e  voltage readings and t h e i r  assoc ia ted  t imes from take-off  a r e  next 
used t o  e n t e r  appropr ia te  c a l i b r a t i o n  t a b l e s  o r  curves f o r  each channel. I f  
necessary,  co r rec t ions  f o r  f a c t o r s  such as ambient temperature,  base- l ine  s h i f t  
and ga in  v a r i a t i o n s  must a l s o  be introduced. The f i n a l  r e s u l t  i s  a t abu la t ion  
of t h e  measured parameters with respect  t o  time from rocket take  o f f .  
data can then be r e l a t ed  t o  a l t i t u d e  with t h e  a l t i t u d e  versus time t r a j e c t o r y  
data.  

These 

The above procedure can be automated t o  a considerable  ex ten t  with a con- 
sequent reduct ion i n  time and cos t  of d a t a  reduct ion,  and a n  increase  i n  accu- 
racy. Figure 77 i l l u s t r a t e s  a n  analog t o  d i g i t a l  data conversion and  o s c i l l o -  
graph recording system used t o  assist i n  reduct ion of da t a  from t h e  rocket 
f l i g h t .  This da t a  logging sec t ion  and  t h e  EP-30 computer were loaned by o the r  
groups a t  The Universi ty  of Michigan. The A t o  D system i s  l imi ted  t o  a s ing le  
channel of d a t a  input  a t  a r a t e  of 10 samples pe r  second. Each sample cons i s t s  
of s ign ,  4 binary  coded decimal d i g i t s ,  and the  LGP-30 computer s top  code. The 
maximum d a t a  r a t e  i s  l imited by t h e  output paper tape  punch which has a maximum 
r a t e  of 15 samples pe r  second. This r a t e  precludes automatic reduct ion of t h e  
commutated channel. Fortunately,  it i s  not necessary t o  readout a l l  30 segments 
each second, s ince  many have a very slow r a t e  of change. 

I f  t h e  system shown i n  Figure 7 7 i s  arranged t o  reduce a radiometer ou t -  
put  channel, it i s  very important t o  be ab le  t o  a s s ign  a time from takeoff  t o  
each sample. 
information,  so i n d i r e c t  means must be used. This i s  done by using t h e  10 kc 
p rec i s ion  t iming s i g n a l  (on t h e  t ape )  which i s  keyed "on" a t  take  o f f .  
k c  s i g n a l  i s  f i l t e r e d  from the  voice channel and routed t o  t h e  counter .  The 
counting mode i s  s e t  f o r  t o t a l  counts and i n  e f f e c t  func t ions  as a frequency 
d i v i d e r ,  i n  t h i s  case,  by 1000. The r e s u l t a n t  10 pulses  p e r  second a r e  used t o  
c o n t r o l  t h e  d i g i t i z a t i o n  sample r a t e  of t h e  A t o  D conver te r .  
off  i s  t h u s  uniquely assoc ia ted  with each sample point  throughout t h e  f l i g h t .  

The data logging system i t s e l f  has no provis ion  f o r  including t h i s  

The 10 

Time from take-  

The f i r s t  s t e p  i n  t h e  data reduction i s  t o  take  t h e  d i g i t i z e d  raw data 
and  e n t e r  t h e  iXP-30 computer, A program i s  w r i t t e n  t o  l l s e r i a l i z e t '  t h e  da t a .  
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This cons i s t s  of adding a sequen t i a l  s e r i a l  number a t  t h e  beginning of each 
20 data samples which w i l l  h e r e a f t e r  be ca l l ed  words. The computer a l s o  a d d s  
typewri te r  car r iage  r e t u r n  and spacing commands t o  automate t h e  readout ,  and 
p r i n t s  out  a new punched paper t ape .  This tape  i s  ca l l ed  the  s e r i a l i z e d  r a w  
data tape  and now i s  pr in ted  out or " l i s t e d "  by a paper t ape  cont ro l led  type-  
w r i t e r  ca l l ed  a Flexowri ter .  
p r in ted  out  f o r  each channel f o r  a 1525 second f l i g h t .  

Over 16,000 four  d i g i t  numbers p lus  s ign  a r e  

The next s t e p  i s  the  reduct ion of the  s e r i a l i z e d  raw data t o  t r u e  v o l t s .  
It w i l l  be reca l led  from a n  e a r l i e r  s ec t ion  t h a t  the  ground s t a t i o n  VCO d i s -  
c r imina tor  outputs a r e  arranged t o  have symmetrical p lus  and minus vol tage 
v a r i a t i o n s  a s  t h e  VCO input  vol tage va r i e s  from 0 t o  +5 v o l t s .  Level s h i f t  
and mult iplying f a c t o r s  must be derived and appl ied t o  convert  t h e  data t o  t h e  
o r i g i n a l  VCO input vo l tages .  T h i s  i s  done by manually r e f e r r i n g  t o  t h e  raw 
data during the E O  i n - f l i g h t  c a l i b r a t i o n  sequences. A t ab le  of f a c t o r s  and 
the  s e r i a l i z e d  i n t e r v a l s  over which they apply i s  prepared along with t h e  neces- 
sa ry  programming and the  computer i s  again reentered .  The computer output i s  
now a s e r i a l i z e d  t r u e  vol tage punched tape  which again i s  l i s t e d .  This l i s t i n g  
i s  done t o  check the  accuracy of t he  computer r e s u l t s  by observing whether t he  
t r u e  vol tages  during VCO c a l i b r a t i o n  a r e  as expected. Spot checks can a l s o  be 
made aga ins t  the osc i l lograph  recordings.  Gross e r r o r s  can r e a d i l y  be seen, 
but l i t t l e  e l s e ,  because the  d i g i t a l  system has a n  inherent  accuracy of a t  
l e a s t  10 times t h a t  of t he  analog records ,  Experience has  shown t h a t  as con- 
fidence i s  gained i n  t he  automatic data reduct ion program, l e s s  intermediate  
data l i s t i n g  i s  requi red .  With t h e  r e l a t i v e l y  low l i s t i n g  r a t e  of t h e  Flexo- 
w r i t e r ,  l e s s  l i s t i n g  ma te r i a l ly  decreases  t h e  time required t o  process t h e  data.  

I 

One f u r t h e r  s t e p  i n  data reduct ion can now be done. 
f l i g h t  noise  c a l i b r a t i o n  da ta  i n  t h e  form of tabula ted  values  of TARA input  
versus !eo d t  radiometer output can now be s tored  i n  t he  computer. 
f o r  conversion from t r u e  volts t o  uncorrected T R can be formulated and a 
f i n a l  computer run 
Although even f u r t h e r  computer reduct ion i s  poss ib l e ,  it w a s  not ca r r i ed  out  
i n  t h i s  program. Correct ions for radiometer no-noise and noise c a l i b r a t i o n s  
were performed manually. 

The radiometer p r e -  

A program 
I 

A A  
w i l l  produce a n  output tape  of s e r i a l i z e d  uncorrected TAR*. 
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APPENDIX 

ENVIRONMENTAL TESTS 

The following i s  a desc r ip t ion  of the environmental t e s t  program re- 
quired by NASA f o r  t h e  prototype and t h e  f l i g h t  model i n s t r u m e n t s  descr ibed 
above. 

General In s t ruc t ions  

TEST FACILITIES 

General 

The apparatus  used i n  conducting t e s t s  s h a l l  be capable of producing a n d  
maintaining t h e  t e s t  condi t ions required,  with t h e  equipment under t e s t  i n s t a l l e d  
in/on the  apparatus  and opera t ing  or non-operating as required.  
apparatus  condi t ions  may be t h e  maximum permitted by t h e  t e s t  apparatus ,  but s h a l l  
not exceed t h e  appl icable  equipment spec i f i ca t ion  requirements. 

Changes i n  t e s t  

Vo lume 

The volume of t h e  t es t  f a c i l i t i e s  s h a l l  be such t h a t  t h e  bulk of t h e  equip- 
ment under t e s t  s h a l l  not i n t e r f e r e  with t h e  generat ion and maintenance of t e s t .  

Heat Source 

The hea t  source of t h e  t e s t  f a c i l i t i e s  s h a l l  be so located t h a t  r a d i a n t  
hea t  s h a l l  not f a l l  d i r e c t l y  on the  equipment under t e s t ,  except where appl ica-  
t i o n  of r ad ian t  hea t  i s  one of t h e  t e s t  condi t ions .  

Standard Conditions f o r  Test Area 

Normally checkout w i l l  be conducted a t  room-ambient condi t ions .  Reversion 
t o  "standard" condi t ions w i l l  be required only i n  t he  case of equipment malfunc- 
t i o n  or unresolved quest ionable  operat ion.  For t h i s  condi t ion,  standard condi- 
t i o n s  are def ined as follows: 
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a .  Temperature: 25 ? 3 ° C  (77" ? 5°F) .  
b .  Relative humidity: 55 percent  o r  l e s s .  
e .  Barometric pressure:  Local ambient. 

MEASUREMENTS 

All measurements s h a l l  be made with instruments whose accuracy conforms 
t o  acceptable  labora tory  s tandards,  and which a r e  appropr ia te  f o r  measurement 
of t h e  environmental condi t ion concerned. If t e s t s  a r e  conducted outs ide  of 
GSFC f a c i l i t i e s ,  t h e  accuracy of t he  instruments  and t e s t  equipment s h a l l  be 
v e r i f i e d  before t e s t ,  a f t e r  t e s t ,  a n d  p e r i o d i c a l l y  as required by GSFC. 

Tolerances 

The maximum allowable to l e rances  on t e s t  condi t ions  s h a l l  be as fol lows:  

a .  Temperature: Plus  or minus 2 ° C  (3 .6"F) .  

b .  Relat ive humidity: Plus  3 percent minus 2 percent  R . H .  
e .  Vibration amplitude: Plus  o r  minus 10 pe rcen t .  
d .  Vibration frequency: Plus or minus 2 percent .  
e .  Addit ional  t o l e rances  : Addit ional  t o l e rance  s h a l l  be as 

(Exclusive of accuracy of instruments .  ) 

spec i f i ed .  

Vacuum Gages 

The vacuum s h a l l  be ind ica ted  'by a vacuum gage t h e  sensing element of which 
i s  located w i t h i n  t he  chamber t e s t  space.  
it e x i s t s  a t  the payload. 

The gage s h a l l  measure the  vaccum as 

TEST SEQtTENCE 

Prototype 
Dynamic Balance 
Spin 
Ac ce l e  r a t  ion 
Temperature 
Humidity 
Vi'b rat i on 
Thermal Vacuum 

F l i g h t  U n i t  
Dynamic Balance 
Spin 
Vibrat ion 
Thermal Vacuum 
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Test Procedures 

DYNAMIC BALANCE 

Although not a n  environmental t e s t ,  balancing i s  necessary f o r  a sp in  
s t a b i l i z e d  payload a n d  s h a l l  be performed p r i o r  t o  exposure t o  environmental 
t e s t s .  
e f f e c t  of the  balance weights on payload opera t ion  may be evaluated during 
t h e  course of t h e  t e s t s .  

Balancing i s  chosen as the  f i r s t  opera t ion  so t h a t  t he  adhesion and  

The payload, while non-operative, s h a l l  be balanced about t h e  t h r u s t  
axis i n  accordance with the  following: 

60 

a, 
V 

9 ;  
R- 

Ca 

60 

a, 

Envelope of acceptable  pay- 
load  balance r e s t r a i n t s  i n  
r e l a t i o n  t o  C . G .  of payload. 

4 s j  
V I  

R- 
Ca 

2 
S t a t i c  Balance 

( oz - i n .  ) 

Envelope of acceptable  pay- 
load  balance r e s t r a i n t s  i n  
r e l a t i o n  t o  C . G .  of payload. 

1 \ 

2 
S t a t i c  Balance 

( oz - i n .  ) 

The payload and the  fourth-s tage (X-248) s h a l l  be balanced as a com- 
p o s i t e  u n i t  upon completion of a l l  environmental t e s t s .  

SPIN TEST 

This t e s t  w i 1 . l  demonstrate t h e  a b i l i t y  of t he  e l ec t ron ic s  and payload 
s t r u c t u r e  t o  withstand the  sp in  forces  experienced during f l i g h t .  

Pre-exposure Examination and  Test 

Before exposure t o  sp in ,  t he  payload s h a l l  be v i s u a l l y  examined and 
func t iona l ly  t e s t e d  t o  a.ssure correct  performance. 

Prototype Test 

The payload, while i n  an opera t iona l  condi t ion normal t o  powered f l i g h t ,  
s h a l l  be spun about t he  t h r u s t  ax i s  a t  625 F P M  f o r  a period of 5 minutes. 
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F l i g h t  U n i t  Test 

The payload, while i n  an opera t iona l  condi t ion  normal t o  powered f l i g h t ,  
s h a l l  b e  spun about t he  t h r u s t  a x i s  a t  500 R P M  f o r  a per iod  of 3 minutes.  

Post-exposure Examination and Test 

Af t e r  exposure t o  sp in ,  t h e  payload s h a l l  be v i s u a l l y  examined and  
func t iona l ly  t e s t ed  t o  assure  co r rec t  performance. 

A C C E U R A T I O N  TEST 

T h i s  t e s t  w i l l  demonstrate t he  a b i l i t y  of t he  e l e c t r o n i c s  and payload 
s t r u c t u r e  t o  withstand acce le ra t ion  fo rces  experience during f l i g h t .  

Pre-exposure Examination and Test 

Before exposure t o  acce le ra t ion ,  the  payload s h a l l  be v i s u a l l y  examined 
and func t iona l ly  t e s t e d  t o  assure  co r rec t  performance. 

Prototype Test 

The payload, while i n  a n  opera t iona l  condi t ion  normal t o  powered f l i g h t ,  
s h a l l  be exposed t o  the  following acce le ra t ion  l e v e l s :  

Direct  i o n  A c ce l e r a t  ion Duration 
(Axis) ( g ' 4  (Minutes ) 

Thrust (+Z) 50 5 
Transverse (+X) 3 3 
Transverse (+Y) 3 3 

Post-exposure Examination and  Test 

Af t e r  exposure t o  acce le ra t ion ,  t he  payload s h a l l  be v i s u a l l y  examined 
and  func t iona l ly  t e s t ed  t o  a s su re  co r rec t  performance. 

48 



TEMPERATURE TEST 

The temperature t e s t  i s  designed t o  demonstrate t h e  a b i l i t y  of t h e  
payload t o  withstand t h e  environment of temperature which could be en- 
countered i n  shipment and s torage  of the payload i f  no attempt i s  made t o  
c o n t r o l  t h e  ambient condi t ions .  
conducted before attemping thermal-vacuum t e s t i n g  of  t h e  prototype.  They 
serve  t o  ind ica t e  t h e  r e s i s t ance  of the design t o  extremes of expected i n -  
f l i g h t  temperatures p lus  a s a f e t y  f ac to r ,  and t o  g ive  some assurance t h a t  
it i s  worthwhile t o  a t tempt  t o  conduct t h e  more complicated and expensive 
thermal-vacuum t e s t  procedure.  

The opera t iona l  t es t s  under temperature are 

Pre-exposure Examination and Test 

Before exposure t o  temperature,  the payload s h a l l  be v i s u a l l y  examined 
and func t iona l ly  t e s t e d  t o  a s su re  cor rec t  performance. 

Prototype Test 

While non-operative t h e  payload s h a l l  be subjected t o  a t e s t  chamber 
temperature of -30°C 5 2°C (-22°F) f o r  a per iod of 6 hours followed by a 
temperature of  +6O"C 52°C (138"~) f o r  a per iod of 6 hours.  
s h a l l  be func t iona l ly  t e s t e d  a t  25°C k 5°C between and a f te r  t h e  s torage  
temperature exposures t o  assure  cor rec t  performance. 

The payload 

The chamber temperature s h a l l  then be lowered t o  a temperature of 
-25°C _+ 2°C (-13°F) and t h e  temperature of t h e  payload s t a b i l i z e d .  
load s h a l l  be f u n c t i o n a l l y  t e s t e d  t o  a s su re  c o r r e c t  performance. The chamber 
temperature s h a l l  be r a i sed  t o  +34"C k 2°C (93"F), and t h e  temperature af t h e  
payload s t a b i l i z e d .  The payload s h a l l  be func t iona l ly  t e s t e d  t o  assure  cor-  
r e c t  performance. 

The pay- 

HUMIDITY TEST 

The humidity t e s t  i s  designed t o  demonstrate t h e  a b i l i t y  of  t h e  pay- 
load t o  withstand t h e  environment of humidity which could be encountered i n  
shipment and s to rage  of t h e  payload i f  no attempt i s  made t o  c o n t r o l  t h e  
amb i e  n t  c o nd it ions  . 

Pre-exposure Examination and Test 

Before exposure t o  humidity, the payload s h a l l  be v i s u a l l y  examined 
and func t iona l ly  t e s t e d  t o  assure  cor rec t  performance. 

49 



Prototype Test 

The payload, while non-operative s h a l l  be exposed t o  a chamber 
temperature of +3O"C 
-2% f o r  a period of 6 hours.  

2 ° C  (86°F) with a r e l a t i v e  humidity of 95$ +3 

Post -exposure Examination and Test 

A.fter exposure t o  humidity, t h e  payload s h a l l  be v i s u a l l y  examined and 
func t iona l ly  t e s t ed  t o  assure  co r rec t  performance. 

VIBRATION TESTS 

The v ibra t ion  t e s t s  given here in  a r e  intended t o  provide assurance t h a t  
t h e  payload w i l l  survive the  expected f l i g h t  environments and a r e  app l i cab le  
t o  t h e  complete payload i n  i t s  powered f l i g h t  conf igura t ion .  
tes t  l eve l s  a r e  increased by 50% above t h e  an t i c ipa t ed  f l i g h t  l e v e l s  t o  pro- 
vide a f a c t o r  of s a f e t y  i n  design.  The v ib ra t ion  t e s t s  a r e  based p r i n c i p a l l y  
on t h e  exc i t a t ions  generated by use of t h e  ABL-X-248 rocket motor. 
t i o n  exc i t a t ion  s h a l l  be appl ied a t  t h e  i n t e r s t a g e  connection between t h e  
f i n a l  s tage  and t h e  payload. I n  e s t a b l i s h i n g  the  tes t  l e v e l s  some allowance 
has been made f o r  e x c i t a t i o n  generated by e a r l i e r  s t ages ,  aerodynamic d i s t u r -  
bances and handling and  t r anspor t a t ion  e f f e c t s .  The resonance t e s t  i s  r e -  
quired because o f  unique resonant burning observed i n  t he  x-248 rocket motor. 

The prototype 

The v ibra-  

Pre-exposure Examination and Test 

Before exposure t o  v ib ra t ion ,  t h e  payload s h a l l  be v i s u a l l y  examined 
and func t iona l ly  t e s t e d  t o  assure  co r rec t  performance. 

Prototype Test 

The payload, while i n  a n  ope ra t iona l  condi t ion  normal t o  powered f l i g h t  
s h a l l  be exposed t o  the  following v ib ra t ion  l e v e l s :  



I .' 

Sinusoidal  Swept Frequency 

Freg ue ncy Test 
Duration A cce lera t ion 

cps Min .  g .  0-to-peak 
Direc t  ion Range 

Thrust 5- 50 1.6 2.3 ( a )  
(z-z a x i s )  50 - 500 1.6 10.7 

500 - 2000 1.0 21.0 
2000-3000 0.25 54.0 

0.34 21.0 ( b )  - 3000-5000 
Tota l  N - 5.0 Min .  

La te ra l  A 
(x-x a x i s )  

Lateral B 
(Y-Y a x i s )  

5-50 1.6 0.9 ( a )  

2000- 5000 - 0.6 17 ( b )  

50 - 500 1.6 2.1 
500 - 2000 1.0 4.2 

To ta l  5.0 Min .  

5- 50 1.6 0.9 
50- 500 1.6 2 . 1  

2000-5000 - 0.6 17 ( b )  
500 - 2000 1.0 4.2 

Tota l  Y 5.0 Min. 

Sweep Fate : 2 octaves/minute 
( a )  
( b )  

Amplitude l imited t o  0 . 5  peak t o  peak. 
Within frequency l i m i t a t i o n  of v ib ra t ion  
genera tor .  

Random Motion Vibration 

Frequency Spec t r a l  
Direct ion Band De ns  i t  y 

CD s P2/CDS g-rms 

Thrust ax is  20 - 2000 0.07 11.5 

Transverse axes 20-2000 0.07 11.5 

Duration: 4 minutes each d i r e c t i o n  
To ta l  t ime: 12 minutes 



Control  accelerometer response s h a l l  be equalized w i t h  peak-notch f i l t e r i z a -  
t i o n  such t h a t  t h e  spec i f i ed  PSD values a r e  w i t h i n  k 3 db everywhere i n  t h e  
frequency band. The f i l t e r  r o l l - o f f  c h a r a c t e r i s t i c  above 2000 cps s h a l l  be 
a t  a r a t e  of 40 db/octave o r  g r e a t e r .  

Combustion Resonance 

Apparent Weight. The apparent weight of t h e  prototype may be measured 
a t  600 cps.  
of 7 lb a t  t h i s  frequency. Correct ion of t h e  amplitude i n  inverse  pro- 
po r t ion  t o  the a c t u a l  apparent weight should be made, bu t  i n  no case shall 
t h e  amplitudes be g r e a t e r  than  those given. An a l t e r n a t e  method may be sub- 
s t i t u t e d  wherein v i b r a t i o n  fo rce  i s  programmed i n t o  payload between 550 and 
650 cps a t  5 600 l b  fo rce  t h r u s t  d i r e c t i o n  and 2 100 l b  f o r c e  t r ansve r se  d i -  
r e c t i o n  i f  a s u i t a b l e  fo rce  c o n t r o l  i s  employed. 

The amplitude values given below a r e  based on an apparent weight 

Combustion Resonance Vibration 

Frequency A c c e l e r a t  ion  Test 

S P P .  

CPS 0 - t o  -peak Duration Direct ion 

Thrust a x i s  550-6 50 86 30 

Transverse axes 550-650 15  30* 

"30 seconds each a x i s .  

F 1 i gh t U n i t  Te s t 

The payload, while i n  ope ra t iona l  condi t ion  normal t o  powered f l i g h t  
s h a l l  be exposed t o  t h e  following v i b r a t i o n  l e v e l s :  
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Sinusoida l  Swept Frequency 
Frequency T e s t  

Di rec t  ion Range Duration Accelerat ion 
CPS - Min. g, o-to-peak 

N 

Thrust 5-50 0.8 1 - 5  ( a )  
(z-z a x i s )  50- 500 0.8 7.1 

500-2000 0.5 14 
2000 -3 000 0.13 36 
3000 - 5000 - 0.17 14 ( b )  

Tota l  Z 2.5 Min. 

L a t e r a l  A 
(x-x a x i s )  

Lateral B 
(Y-Y ax is )  

5- 50 0.8 0.6 ( a )  
50- 500 0.8 1.4 
500-2000 0.5 2.8 
2000- 5000 - 0.3 11.3 ( b )  

N 

Tota l  - 2 .5  Min. 

5-50 0.8 0.6 ( a )  
50 - 500 0.8 1.4 
500- 2000 0.5 2.8 
2000 - 5000 - 0 -3 11.3 (b) 

N Tota l  - 2.5 M i n .  

Sweep Rate: 4 octaves/minute 

( a )  Amplitude l i m i t e d  t o  0 .5  peak t o  peak. 

( b )  Within frequency l i m i t a t i o n  of v i b r a t i o n  
genera tor .  

Random Motion Vibration 
Frequency Spec t r a l  

Di rec t  ion  Band Density 
CPS g2/cps g - r m s  

Thrust  a x i s  20-2000 -03 7.8 

Transverse axes 20 - 2000 -03 7.8 

Duration: 2 minutes each d i r e c t i o n  
To ta l  Time: 6 minutes 
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Control  accelerometer response s h a l l  be equalized with peak-notch f i l t e r i z a -  
t i o n  such t h a t  t h e  spec i f ied  PSD values a r e  wi th in  k 3 db everywhere i n  t he  
frequency band. The f i l t e r  r o l l - o f f  c h a r a c t e r i s t i c  above 2000 cps s h a l l  be 
a t  a r a t e  of 40 db/octave o r  g r e a t e r .  

Combustion Resonance 

Apparent Weight. The apparent weight of t he  f l i g h t  payload may be 
measured a t  600 cps.  
apparent weight of 7 l b  a t  t h i s  frequency. Correct ion of t h e  amplitude i n  
inverse proportion t o  the  a c t u a l  apparent weight should be made, bu t  i n  no 
case s h a l l  t he  amplitudes be g rea t e r  than those given. 
may be subs t i t u t ed  wherein v ib ra t ion  fo rce  i s  programmed i n t o  payload be- 
tween 550 and 650 eps a t  2 400 l b  fo rce  t h r u s t  d i r e c t i o n  and 2 67 l b  fo rce  
t ransverse  d i r e c t i o n  i f  a s u i t a b l e  fo rce  con t ro l  i s  employed. 

The amplitude values  given below a r e  based on an 

An a l t e r n a t e  method 

Combust i o  n Re s o na nc e V i  b rat  i o  n 
Test  

CPS 0 - to  -peak Sec. 
Direct  ion Frequency Accelera t ion ,  Q Duration 

Thrust ax i s  550-650 56 15 

Transverse axes 550-6 50 8 15* 
"15 seconds each a x i s .  

Post-exposure Examination and Test 

Af te r  exposure t o  v ib ra t ion ,  t h e  payload s h a l l  be v i s u a l l y  examined 
and func t iona l ly  t e s t ed  t o  assure  co r rec t  performance. 

Thermal Vacuum Test 

This t e s t  w i l l  demonstrate the  a b i l i t y  of t he  e l ec t ron ic s  and payload 
s t ruc tu re  t o  withstand both f l i g h t  temperatures and pressure .  

Pre-exposure Examination and Test 

Before exposure t o  thermal vacuum, t h e  payload s h a l l  be v i s u a l l y  
examined and func t iona l ly  t e s t ed  t o  assure  co r rec t  performance. 

54 



Prototype Test 

Low Temperature Vacuum 

With the payload in the non-operative condition, the temperature of the 
chamber shall be reduced to -30°C 2 2'C (-22°F). 
stabilization, the payload shall be turned on and the chamber shall be evac- 
uated to a pressure of 1 x 10-5 mm of Hg or less. 

Upon reaching temperature 

After a pressure of 1 x mm Hg has been reached, the payload may be 
turned off and the chamber shall remain stabilized at -30°C 2 2°C for a pe- 
riod of 6 hours. At the end of this 6-hour period, the payload shall be func- 
tionally tested to assure correct performance. At the end of this performance 
check, the payload may be turned off. 

High Temperature Vacuum 

At the conclusion of the low temperature vacuum exposure, the chamber 
temperature shall be raised to +35"C 2 2OC (95"F), allowed to stabilize at 
this temperature, and held there for 6 hours. 
riod, the payload shall be functionally tested to assure correct performance. 
The chamber temperature and pressure shall then be returned to normal room 
conditions. 

At the end of this 6-hour pe- 

Flight Unit Test 

Low Temperature Vacuum 

With the payload in the non-operative condition, the temperature of the 
chamber shall be reduced to -20°C - + 2°C (4°F). 
stabilization, the payload shall be turned on and the chamber shall be evac- 
uated to a pressure of 1 x 10-5 mm of Hg or less. 

Upon reaching temperature 

After a pressure of 1 x lom4 mm Hg has been reached, the payload may be 
turned off and the chamber shall remain stabilized at -20°C 2 2°C for a pe- 
riod of 6 hours. At the end of this 6-hour period, the payload shall be func- 
tionally tested to assure correct performance. At the end of this performance 
check, the payload may be turned off. 

High Temperature Vacuum 

At the conclusion of the low temperature vacuum exposure, the chamber 
temperature shall be raised to +25"C 2 2°C (77"F),  allowed to stabilize at 
this temperature, and held there for 6 hours. 
riod, the payload shall be functionally tested to assure correct performance. 
The chamber temperature and pressure shall then be returned to normal room 
conditions. 

At the end of this 6-hour pe- 
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Post-exposure Examination and Tes t  

After  exposure t o  thermal vacuum, the  payload s h a l l  be v i s u a l l y  examined 
and func t iona l ly  t e s t e d  t o  a s su re  c o r r e c t  performance. 

+35"C 0"X 

I 1  I 
I I  I 
I 1  I 

, 
I 
I 

I 

I 
I 
I 
I I 
I I 

I 

I 
I 

I 
I I 

0 - Payload On 
X - Payload Off 
* - Payload Checkolit 

6 h r  6 h r  

TIME (no s c a l e )  
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Figure 2. Prototype, flight model, and te lemeter ing ground s t a t ion .  

Figure 3. Journeyman D - 8  rocket. 
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Figure 5 .  DeHavilland A2/2 antenna. 
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Figure 10. Preamplifier f irst  stage. 
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Figure 11. PreamPlifier second stage.  
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Figure 14. Preamplifier RT product curves. 

Figure 15. T y p i c a l  receiver construction. 
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Figure 12. Preamplifier input transformer. 
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Figure 17. Receiver bandwidth curve. 
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Figure 18. Antenna br idge  c i r c u i t .  
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Figure 21. Bridge and o s c i l l a t o r .  
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Figure 22. Noise generator c i r c u i t .  
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Figure 25. Noise generator dlsassembled. 
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Figure 26. Noise generator assembled. 



S 

UNKNOWN 
L 

TR 

v 

BRIDGE DETECTOR 

COLLINS RADIO 
MODEL 51s-I 

SHEET METAL 

APE R ATU R E 

1 / 4 " X  I" 
PERATURE 

SLOT 
Q ,  

* kq 
REC. 
ANT. 

SIDE VIEW 
OF PAYLOAD 

DIA. OF REC. ANT. I / 2 " 

\ BOTTOM VIEW 
+DIRECTION A OF PAYLOAD 

Figure 27. Photoce l l  mounting d e t a i l .  Figure 28. Spin axis pho toce l l  f i e l d  of view. 

TEST OSCILLATOR 

HEWLETT-PACKARD 
MODEL 6 5 0 - A  

CAPACITANCE PRECl SlON 
C A PA C I TO R TEST OSCILLATOR 

BRIDGE 

HEWLETT-PACKARD GENERAL RADIO GENERAL RADIO 

MODEL 6 5 0 - A  MODEL 716-CSI MODEL 7 2 2 - M E  . m 

f = I  MEG. 

1 GENERAL RADIO I" 
I MODEL 716-CSI I 

T 

PRECl SlON 
C A PA C I TO R 

GENERAL RADIO 
MODEL 7 2 2 - M E  

MEASUREMENT 
ACCURACY: 5 . O 5 p p f  

Figure 29. Laboratory capacitance measuring setup.  



& m (C t >'A 

2 ( C n  

3 
N 

Y 
I+) 
d 

Y 
m 
m 

ui m 

(C 

"I >' 
" +  

x 
k 
0 
t, 
Ld 
k 
0 

5 
0 
rc\ 



. .  

1.2 

I .c 

.E 

z 
I- 
V z 
3 
LL 

[L 

LL 
v) z 
[L 
I- 

0 .E 

w .4 

a 

.( 

C 

TI= 750 KC - 

PREAMPLIFIER - 
TRANSFER FUNCTION I 

5 IO 15 2 0  25 30 35 40 
CA ANTENNA CAPACITANCE (ppf) 

Figure 31. Preamplif ier  t r a n s f e r  func t ion  curves.  

5 

W F  2 4  3 

0 > 
m 

10.750 MC RADIOMETER 

I NOISE CALIBRATION 

\ 

0 L 
lo5 
1 1 

IO6 io7 108 io9 10'0 
TA*RA (OK-OHMS) 

Figure 32. 0.75 Mc radiometer c a l i b r a t i o n  curve. 



L 

I 

IO*  

\ 

I L  

10' IO' 

T,. R, ( O K - O H M S )  

1.225 MC RADIOMETER 
NOISE CALIBRATION 

I o9 10'0 

Figure 33. 1.225 Mc radiometer c a l i b r a t i o n  curve. 

==-2 

I 
10' IO' 

T A * R A  ( O K - O H M S )  

2.000 MC RADIOMETER I I I NOISE CALIBRATION 

io9 

Figure 34. 2.00 Mc radiometer c a l i b r a t i o n  curve. 

10'0 



0 * 

i 
0 
ro 

z 
W 

17 
0 2 

I 

C 
n 

( 1 ddo3 ) 33N Vl I3Wd V 3  I N  3 1 VA l f lO3 VN N 3 1 N V 



XI- - 
N 

i 



I , !  I1 

MB 26 

6 TERM JONES STRIP 
M B  2 7  

M E 2 8  

M E 3 9  ---i M B 3 6  

MB B 

MB 4 3  

+ 5 0 V  
MB 17 +" IN _ _ _  

TIE POINTS w I I N  TIMER PKG ~ 

N A S  VCO SE OWG NO 
lN484A LIMITER ;-50,002-02 

I 

M o NITOR LEDEX] f/L---+ ; I , /  I 
' 

I I  - 
10- 

2 

3 

4 

5 

6 0  

7 0  

E 0 

9 Q  

00 

1 1  0 

MB19 

M E 2 4  
ME22 

MB25 

M B 2 9  

ME23 

M B 5 7  

MB 46 I MB33 FROM ANT 

42 TO COMMUTATOR 7 

NAFER 

COMMUTATOR MOTOR 

WAFER 1 I 1 .. 

P I 2  I I I 

% "C" WAFER 

" .."" " 

l!JJ "A " WAF I W  ER 
ITIl 

M B 5 9  

M E 5 6  

MB50 

MB69 
M B 5 B  :I 4 I 

3 r K L  R E C E I V E R /  L E D E X  1 
MB -3ZV BAT 

r - - - - - - 7 - - - -  , ,- 
I 

+ 1 4 y  M% MB49 

,,MRB 
16 

/ 

ER 

i; 09 

L 

+ 
I' WAFER 

I 
I '  "A" WL 

- 3 2 V  TO F I L  REG I + Z O O V  TO PREAMPO M B 8  
I I 

+ 1 4 V  T O t 9 V  REG MB 9 MB 6 3 2 V  TO OVEN I 

I + ! 4 V .  TO TIMEI! 0 MBlO 

NOTES 
4 MB TERMINALS 41  THRU m a MSB PRE OCCUPIED, IN ADDITION TO THOSE CONNECTIONS 

SHOWN ON THIS DWG, BY THE SEGMENTS a WIPER, RESPECTIVELY, OF THE 30 SEGMENT 
COMMUTATOR WHOSE DRIVE MOTOR IS SHOWN IN THE LEFT CENTER OF THIS OWG 

5 ALL SlGMPl RELAYS SHOWN IN THIS DWG ARE TYPE R J P - 8 0 0 V W - S I L  

I. LEDEX WAFER WIRING - 
TERMINAL DESIGNATIONS OF LEDEX WAFERS AS 
VIEWED FROM SIDE OPPC61TE COIL ASSEMBLY 

O9 I p o  "A"WAFER IS WAFER NEARESl  
LEDEX COIL 

O 8  b 

LEDEX COIL 
LEADS 

E-. . . . . . . . ..y 
. . . . . . . . . . . . . . 

COMM SOCKET 
1-30 SEGMENTS 

31 WIPER 
37 G N D  [NOT USED1 

2 FOR EXACT LEAD PLACEMENT OF COMPONENT INTERCONNECTS 
REFER TO MONITOR RESISTOR BOARD DWG # A 50.012-00 AND 
VCO RESISTOR BOARD DWG # A 5 q O l 3 - 0 0  

3 .ALL  COMPONENTS ON SCHEMATIC DESIGNATED MRB FLUS T Y P E  
NUMBER OR VALUE AND TWO TERMINAL NUMBERSAS : 
ARE COMPONENTS LOCATED ON MWITOR RESISTOR BOARD 
AT THE POSITIONS DESIGNATED BY T H E  TERMINAL 
NUMBERS. 

I Z O - # p I Z B  
,OK 
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Figure 38. Simplified antenna timer c i r c u i t .  
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Figure 44. RF power amplifier. 

Figure 45. Turnst i le  antenna. 
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Figure 46. Turns t i le  antenna matching network. 
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Figure 47. Turns t i l e  antenna matching c i r c u i t  . 
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Figure 49. T u r n s t i l e  antenna p a t t e r n .  
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Figure 51. T u r n s t i l e  antenna p a t t e r n .  
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Figure 52. Battery container.  
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Figure 54. Radiometer DC-DC converter. 
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Figure 60. -25 v regulator. 
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Figure 62. B+ regula tor .  
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Figure 71. Ground station block diagram f o r  recording.  
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Figure 76. Typical  te lemeter ing  record.  
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